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BACKGROUND OF THE INVENTION: 



5 



This application is a continuation-in-part of U.S. Serial No. 742,531, filed Auqust 8 1991 whirh k in 
turn a continuation of U.S. Serial No. 350,239, filed May 11, 1989. 



COATED OPTICAL FIBERS IN GENERAL 



to £1SSSZ Z?£S**~" primary and secondary for ^ - 

'° nmJI reCently ' the °P ,ical fib8r indu ^ ^ concentrated on so-called "long haul" applications wherein 

X rt^ erS , W9r9 US9d t0 ,raV6rSe l0 " 9 distanC8S such as in or transcJnS I c^tes n 

such appl.cat.ons, optical fibers required shielding with voluminous protective ^blingTateSn^te^ 

nT: e D rr "* r thus were not direct,y exposed * 

A recent trend in the ophcal fiber market is in local area networks for fiber-to-the-home uses The fibers 
•a m uch uses are directly exposed to much harsher conditions than previous appNcaZs of 1^ f S 
inducing severe temperature and humidity extremes. Consequently previous^ coating d J n^ 

Slant' T S f h adV8rSe C ° nditi0nS; henCe ' 3 °«™^*^™7/LZ 
performance coatrngs. Such coatings needed to be able to withstand the above conditio J ; i 7 to Toossess 

2o ^-datve and hydrotytic stabi.Hy, and to protect the fiber over the long »el t ovl 2£JE 

ev™E. rS Tl ^ N9ht transmission can °* Prepared which, immediately after drawing are 
exceptionally strong and have very few intrinsic defects. However, such pristine fibers are very Sawed 

1 2° Ta Zr^H 'T 008 inClUding dUSt <nd m ° isture Eve " a ^..TariTele tS 
strength of a ftber by an order of magnitude, rendering it brittle and easily broken by a weak external 

° .?r f r ° P,iCal 9 ' aSS ,iberS have ' in ■» «*» been clad with at least one res!n coa 
SSRSltr Parati0n " Wh0Se iS 10 *~ - underl^re £ 
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Typically, at least two coatings, a primary, or buffer, coating and a secondary coating have been used 
The inner, or primary, coating is applied directly to the glass fiber and. when cured forms ^^ft rubbS' 

created when the f.ber ,s bent, cabled or spooled. Such stress might otherwise induce mi c robendino Z i Z 
fibers and cause attenuation of the light traveling through them, resulting in ineff ic ent H« 

o^tl .T ^ T V aPPHed ° V6r the Primary «** and ™ s < *»«*» « a hard M 
outer layer preventing damage to the glass fiber during processing and use. 



PRIMARY COATING 



AO 



45 



50 



55 



examn.f * d9Sirable f ° r the Primary coa,in 9' and others the secondary coating For 

example, the pnmary coating must maintain adequate adhesion to the glass fiber during thS' and 

coa tag must be low to cush,on and protect the fiber by readily relieving the stresses on the fiber wh^h can 
.nduce rn.ctobend.ng and consequent inefficient signal transmission This cushioning effort I^ ^ 

Z^nSrytrr " T \ T* - * ^ ^Te^LI. 

i nus it .s necessary for the primary coating to have a low glass transition temperature (Tg) This low alass 

:;:i7 ensure that *• coatin9 remains in its ^ - ^ * ^ - 

The primary coating should also have a relatively high refractive index i e areater than thai «f «» 

sst rs? an^r- ™ is hi9h refractve index ai,ows * ; - = sals 

Another requisite quality of the primary (buffer) coating is resistance to moisture Moisture will raoidlv 

Z??h * r nQth ? ^ COatin9 itSeH 38 We " 38 the underiyi "9 9<ass fibers JS*£ZZZ£i 
one of hydrolysis and stress corrosion. Moisture will also adversely affect the *dt*ZZ ',1*1 
(buffer coating to the glass, resu.ung in possible 

as hydrophobic as possible. Preferably, the primary coating should have a water abso t on SXS 
than 5% by weight, and more preferably less than 2.5% by weight. 
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SECONDARY COATING 

Similarly, the secondary coating must have a number of essential and optimal qualities. The secondary 
coating must function as a hard protective layer which allows the fiber not to be damaged during its 

5 processing and use. Consequently, this secondary coating should have a relatively high glass transition 
temperature (Tg), i.e., about 50 'C, and a high tensile modulus, i.e., about 100,000 psi at 25 'C. It is 
desirable for the secondary coating to have a Tg higher than its highest use temperature, because at or 
near the Tg of a polymer, many physical properties such as modulus, tensile strength, thermal expansion 
coefficient, moisture absorptivity, and so forth, change dramatically with small changes in temperature. This 

70 results in large changes in the fiber characteristics. 

Furthermore, like the primary coating, the secondary coating should undergo minimal changes in 
physical properties on exposure to moisture. Many polymeric coating materials experience significant 
hydrolysis, plasticization, softening, and loss of protective function in the presence of water. Therefore, it is 
desirable that the secondary coating should also be as hydrophobic as possible. A hydrophobic secondary 

j 5 coating also enhances the ability of the primary coating to keep water away from the glass fiber itself, and 
thus inhibits moisture induced hydrolysis and stress corrosion of the glass fiber. 

Also, the secondary coating must have a high refractive index, i.e., preferably higher than that of the 
cladding material of the glass fiber, to enable it to strip out errant light, as with the primary coating, 
especially in embodiments where the primary coating is omitted. 

20 Another important property of secondary coatings is the coefficient of friction (COF). A low COF 
facilitates winding and unwinding of the fibers on spools. It also allows the fibers to slide easily along each 
other in a cable structure, thus relieving stress. However, if the COF is too low, the fibers will have a 
reduced tendency to stay aligned on the spool. The COF is largely determined by the cure properties of the 
secondary coating; if the coating has a good hard surface cure, its COF will tend to be low. Various slip 

25 additives can be added to lower the COF; however, deleterious effects such as surface tension problems, 
contamination, volatilization and blooming may result from their use. 

DESIRABLE FEATURES FOR BOTH COATINGS 

30 Still other desirable properties exist which apply to both the primary and secondary coatings. For 
example, fiber manufacturers are motivated to coat the fibers as rapidly as possible to attain the economy 
of faster cure speeds, as these result in higher line speeds. The cure speeds of coating materials may be 
determined by constructing a UV dose versus modulus curve. The lowest UV dose at which the coating 
modulus exhibits dose independence is considered its cure speed. There is therefore a demand for faster 

35 curing coatings; for example, high line speeds are obtained with primary and secondary coatings which may 
be applied wet-on-wet and simultaneously ultraviolet light-cured. One way of doing this is described in U.S. 
Patent 4,474,830, issued October 2, 1984 to Carl R. Taylor, which patent is expressly incorporated herein 
by reference. 

According to this patent, an optical fiber is passed through a coating applicator comprising first and 

40 second dies. The first die confines a first coating liquid over a portion of the fiber's length. A second coating 
liquid is applied onto the fiber through a clearance between the first and second dies. The clearance is 
sufficiently small so that substantially no recirculation of the second coating liquid occurs in the vicinity of 
the point of application to the fiber. The second coating liquid is preferably applied at a free surface; that is, 
it is not in contact with either the first or second dies in the immediate vicinity of the point of application to 

45 the fiber. Additional coatings can be applied in a similar manner. 

Another desirable objective for both primary and secondary UV-curable coatings is to minimize the 
amount of unbound material in the coating after cure. Even when the cured coatings are considered 100% 
solids, there may still exist a small amount of material which does not chemically bind into the polymer 
network on curing. Examples of such materials used in the coatings include unreacted monomer, unreacted 

so photoinitiator, certain non-functional additives and so forth. The presence of excessive amounts of such 
materials is undesirable, inasmuch as volatilization of such components over time may change the physical 
properties of the coating. For example, volatile materials from the primary coating may permeate into the 
secondary coating, tending to plasticize it and resulting in strength loss. Also, volatile materials may cause 
production of unpleasant odors. 

55 Still other important qualities of both optical fiber coatings are viscosity and shelf life. Good shelf life is 
considered formulation stability of at least six to twelve months. Viscosity can typically be somewhat 
adjusted by regulation of the temperature at which the coatings are applied. However, it is advantageous to 
set the viscosity high enough so as to maintain proper rheology and handling of the coating on application, 
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tZOZ '-T* r " laC """ 8 ,8l9a59 M " mln imlze «» """"1 1 1— m «• PW*. 

5 PRIOR ART COATINGS 

hJ?^ Sin u' 9 ° r d ° Uble ' ayer fib6r COatin9s exist in the P rior «* Afong these are epoxy- or urethane- 

and have some of the same deficiencies as above moisture resistant 

hJISS^jr 8 ^f 36 " 1 inVenti ° n Se6kS t0 provide P rimaf y **°™tay coatings which when cured 

r*eZ Zr?'^ 3 ^ ^ hydr ° ly,iC S,abi,ity ' wherein ^ar/coating h JKiJlSS 
to the glass fiber yet str.ppable therefrom; provides adequate cushioning of the fiber has a TZZZTZl 

2l 3 J? lay8r: haV9 3 rela,iV6ly hi 9 h 9' ass temperate and h j tens le 

r, J» U ' S " Serial N °' 742,531 ' ,iled Au 9 ust 8 ' 1991 - whi ch was a continuation of US Serial Nn who 

om ^Ta^I "S iS 3 X cotp^nTpS 

rrom acrylate- or methacrylate-based components and having excellent properties vis-a-vis th» 

charac enst.cs were disclosed. That application discloses mJLJZfi££ aSlSndaVcT 

ngs, the primary coating including an acrylated urethane oligomer; an alky. a^tonSno^JSLSS 

index modifier; an adhesion promoter; and a photoinitiator. The secondary coZg ST» acSd 

urethane ohgomer based on a po.yester; a (meth)acrylated compound; and a phStiator * 

SUMMARY OF THE INVENTIO N 

It has now been discovered that it is the functional backbones of these components rather than their 
end groups, hat confer the excellent properties upon the compositions of ZZlT^Z Zs 
systems analogous to the acry.ate- or methaorylate-based compositions ofto^fSSJt^S 

cure, to provide exce.lent performance coatings. Such end groups S£ £^Z!^l££Z 

as ss s : airs s - — ~H 2 

aronc) systems; nylanck swots; a«, fc , crols^B s »siVi 

Mm systems «a as «ta, «*i»*wd ^ elBe , ^^JsZ, »tS 
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thJ ?nf?h 6r COn,nbuti0n of the P resent inven «°" °ver that of the parent application is the discovery that 
three of the components said in the parent application to be required are, in some circumstances option^ 

mSz ? arr? is a siiane adhesion pr ° m ° ,er ' * has - aa. 

required in moderate- or low-temperature, low-humidity environments 

°' herCOmPOnent which is now k "°™ to be optional is a monomer or oligomer containino an 
aromat,c moiety; ,n some instances, the composition itself may provide a refractive index sJS for the 
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oresent invention without the addition of such monomer or oligomer capable of modifying refractrve index. 

^Tphoiornitiator is, in some instances, optional; for instance, when electron beam cure of a free 
radical system is envisioned, a photoinitiator may be omitted. 

Accordingly, in preferred embodiments of the invention, a broad spectrum of radiat,on-cur abl pnnwy 
and VecondaJcois for optical fibers has been provided. The primary coatings have refractive indices 
lat^han T h0S e of their fiber substrates, and relatively low glass transition tempera ures and tensile 
m dul e less than about -20'C and less than about 500 psi at 25'C, respectively). The secondary 
; hav reiely high glass transition temperatures (i.e., abut 50'C) and tensle moduli ofabotf 
00 000 psi at 25-C. The secondary coatings also have refractive indices greater than those o tiie cladd ng 
Serial of the optical fiber, for stripping out errant light in a monocoat application. An optical fib* coated 
wTIhe secondary coating alone, or with the primary and secondary coatings of the present invention, has 

alS %te en ra2tT-cu;ab.e primary coating for an optical fiber of the present invention comprises, in one 

Pr t!Tor a rutTpercent to about 90 percent by weight of a reactively terminated urethane oligomer 
whicVls tie reaction product of (i) a hydrocarbon polyol, the hydrocarbon portion of which is from about 
500 to about 4,000 molecular weight; <ii) an aliphatic polyisocyanate; and (iii) an endcapp.ng monomer 

^Z^X:ZT™^ by weight of a hydrocarbon monomer contacting between 
6 and 20 carbon atoms which is terminated with at least one end group capable of reacting with the 
reactive terminus of (A); and 

(C) optionally, from about 0.05 percent to about 10.0 percent by weight of a P ho *°« 

all of the above stated percentages by weight for the primary coating being based on the total 

MM* 1 ThX^bon polyol portion of the oligomer (A) has a molecular weight in the range of 



25 

about 600 to about 4,000 



a r P rim:ry coating may optionally contain other materials, sue as: a cross,.* n age* a o g = fu 
ctional shane adhesion promoter; a chain transfer agent, preferably a mercapto-functonal chain ^transfer 
agent; at least one stabilizer; and a monomer or oligomer capable of increasing the refractive index of the 
30 composition. 

The secondary coating of the invention, in a preferred embodiment, comprises. 
(I) from about 10 percent to about 90 percent by weight of an aliphatic urethane oligomer based on a 
Dolvester and/or polyether and containing a reactive terminus; 

ffitan about 20 percent to about 60 percent by weight of a hydrocarbonaceous viscosrty-ad.usting 
35 component capable of reacting with the reactive terminus of (I); and 

m optionally from about 0.05 percent to about 10.0 percent by weight of a photomitiato . all o e 
stated percentages by weight for the secondary coating being based upon the total weight of (I), (II) and 

7 coated optical fiber and process for preparing a coated optical fiber have beer 'developed. In one 
40 embodiment, the process comprises sequentially applying to an optical fiber primary and secondary coating 
layers as described above and radiation-curing the coating layers. „ imMac 
The coating compositions of the invention are also useful for other coating and protective purposes. 
They can be formulated to be useful on glass, ceramic, granite, and marble surfaces, and the like. 

45 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention relates in part to radiation-curable primary and secondary coatings for optical fiber* The 
optical fibers which are coated may comprise a glass core and a glass cladding layer The cor* fo 
example, may comprise silica doped with oxides of germanium or P hos P h ™ d fi f^ 
so doped silicate such as fluorosilicate. Alternately, the fibers may comprise a polymer-clad silica lass core. 
Examples of such polymer claddings include organosiloxanes such as polydimethylsiloxane or a fluonnated 

^heCimary coating should have, inter alia, the following properties when cure* "^"«™ 
ease of application and stripping; low WTcontent; low tensile modulus over the hfe of the fiber, low 

55 glass transition temperature; and long shelf life. m/wlll L,- a „H nia« 

The secondary coating should form a hard protective layer; have a relatively high modulus and glass 

transition temperature; and also be moisture resistant. 
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^V?!" 9 ? b ° trans P aren,; nonmalodorous; fast curing; and remain adherent, even upon 
aging in high heat and humidity environments. P 

The present invention involves the recognition that it is the backbone portions of the essential (and 

. la dlf ' entS ° f H the C ° mP0Siti0n ^ C0n,8r <he eXCe,len, P^mancepropedies upon Scorn 
ZZtrl^T 9 :° UPS mee,in9 C6rtain requirements ma V ^ used in formulating the various 

STST. P T 'r" 110 "- 1 iS mere ' y required that the com P°" en,s "«* end groups which 
react upon exposure to irradiation or other initiation, i.e., where the components contains at least one 
terminus or group tat is capable of reacting with a terminus or group of oLr components. TheTacti e 
groups, when cured, must produce a composition which is stable with respect to thermal hydrolyS and 
m oxidative stresses to which the cured composition may be subjected. 

th^?^ 311 ,'^ 11 " 9 ^ end 9r ° UpS mUSt react t0 cure weH u P° n ex P° sure to irradialion or other initiation 
ImT " reaC6Ve 38 10 PrematUre ' y ' S ° ^ " 3 "° ne packaQe " 

While not desiring to be limitative, two broad classes of systems which meet these criterion are 
» discussed and exemplified herein. One such system is a free radical initiated system, nTy exlmples Z 
which are well known in the art and several types of which will be exemplified below 

. ESS bTrSr - to J c ' ive,to - — to — ~ - 

for u!sl ThI e ^nt Se n SyS ! emS r8PreSem ° n ' y nonlimi,a « ve «*"!*» of chemistries which are suitable 
P ! 8nt ' 0n: 3ny SyS,9m which does not compromise the qualities of the cured 

ZZT T FUrtherm ° re " " hybrid " c ^ 5ite containing ^ures of differenueact ve 

systems may be used, so long as their mixture does not interfere with the cure of either system «d2* 
25 mixture does not adversely effect the cured composition. 

Examples of free radical systems include, but are not limited to, acrylate- and methacrvlate-h asP ri 
systems; thiolene-based systems; al.-a.ly.ic systems; other viny.ic (e.g., V^ES^Zl 

v y s1Z : a nH y r d :, SVStemS; itaCOnate SySt6mS; Cr0tona,e amine-ene systems; a Jtenc 

systems; and internally reactive systems. «w»yiwnc 

30 e f ° ne P I ef ! rre<J I' 69 fadiCal SyStem 0ther than ( m ^)acrylate which is exemplified herein is a thiolene 

ssskk: of a mercaptan (Wo,) with a po,yene - wherei " - *° ™* : 

re .irssiirwr z 222 ~ -ess 

S2?J 3 P ° h ! y,UnCfonal Viny ' ether: ° thef SUiteb,e 9rou P s include bu < « notVJed to all li e^e s 
vinyl sulfides; styrenes; acrylamides and acetylenes. 

Another suitable class of compound includes bicyclic enes such as norbornene carboxylate rthe 

ZS^SSt, CyCl °P en,adfena ™* although their ester functionality may coCi 

40 « "^J° th6 1,1101 < merca Ptan) component, primary thiols containing 6 to 18 carbon atoms and 

thiol containing from one to four thiol groups may be used. Primary thiols are preferred inasmuch Ts he! 
are most reactive, followed by secondary, and, finally, the least reactive tertiary thiols * 
m nf a A ' ter " at,V f y> even hi 9 her reactivi »y ^ achieved when the suffur atom of the mercaptan is in the vicinity 

tLST .T P ' e ' 9 - merCap,0acetate ° r -ercaptopropionate, although hydrolytic stability mly t 
impaired, due to the presence of the ester group. 

sal. ^ 1"!! 0 ,"" 1 ' ^ 3,1 a,,erna,iVe SyStem iS 3 Cationic curin 9 V*™- Suc h systems require an onium 
salt, e.g., lodon.um, sulfonmm, arsonium. azonium, bromonium. or selenonium. which salt generates cation™ 

so z: lste ,ight s t ° nium sa,ts - desirabiy m ° di,ied by bondin ° ssnss 

comlln JSS .■ ' mP T ,h6ir com P a,ibili, y with *• very hydrophobic components of the 
composition. Nonl.mitative examples of such cationic curing reactive groups include vinyl ethers (wherein aH 

2TJ™7T afe , Vi : yl 9,her terminat9d): and epoxy terminate d systems ir^ bT nng 
opening (e.g., between cyclohexene oxide and oxirane or between glycidyl esters). 

55 THE PRIMARY (BUFFER) COATING 

The primary coating composition of the present invention contains three basic ingredients, (A), (B) and 
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A. Th e Hydrocarbon-Based Oligomer 

The first ingredient is a specific hydrocarbon-based oligomer (A). This component comprises from 
about 10 Scent to about 90 percent by weight of the composition base on the total we,ght of the (A) (B 
and UweZ* of the composition. Preferably, this oligomer comprises from about 15 percent to abort 
85 percenrand more preferably about 20 percent to about 80 percent by weight of the composition, based 

°" T^C^X^ in the present invention was chosen to impart good 

oiigomers exist which may yield a soft, 

compliant ^ tLitkm temperature-type coating. Acrylate-or ^^^f^rTtn 3 ^ 
oarticZly commonly used due to their ease of cure upon uttraviolet radiation. One system known ,n the art 

polybutadiene-type rubber or rubber-modified acrylated monomers as base res.ns 
J^^^hJS-Lhnl low temperature properties and are suitably hydrophobic, the,, interna. 
^00 0^00 Sle bonds (unsaturation) make them susceptible to oxidation over a long penod of t,m* 

H isTo known in the art to empioy acrylated silicones as base resins m such composer, .While 
these have good low temperature properties and hydrophobic^, they are difficult to formulate with a 
S ;r g h 9 refraSe index, tend to have poor thermal stability, and may be susceptible to hydrogen 
outaassina which can lead to signal attenuation in fibers so coated. 

Y«t anoTer svstem known in the art involves the use of acrylated fluorocarbons. Wh,le these are 
suitabt CnSh^LTllly stable, they are typically incompatible wrth most non-halogenated 
organic compounds. Additionally, they are very expensive relative to other systems. 

To overcome many of the disadvantages of the prior art systems, the primary coating of the present 
JlT^Zl a urethane system based on an hydrogenated Po'V^c^by poor wate 
..rethane acrvlate systems based on polyethers or polyesters were usually characterized by poor water 
e See andty theVmal instability. Additionally, known urethane oligomers based on aromatic .socyanates 

Sty and tended to yellow. While polyether-based urethane acrylates have ex*Hen 
low Tg properties , they are, when used alone, generally not hydrophobic enough for optica hbe 
rDlicLns ^nd are susceptible to oxidation. Polyester-based urethane acrylates have good thermal 
, SmTm are susceptible to hydrolysis. Furthermore, it has now been found that other end groups 
acVaS r^htryLwhich are capable of supplying a reactive terminus to the reactants are 

flfcn vflrv suitable for the purpose of this invention. 

Thus ternary coating of the present invention uses an oligomer which, in combination with the 
other components of the composition, obviates many of the above problems. 
5 The oSgomer (A) utilized in the primary coating of the present invention is the reaction product of (. a 
hydrocarbon po"o. the hydrocarbon portion of which is from about 500 to about 4,000 molecular weight; („) 
an Safe Senate; and (iii) an endcapping monomer capable of supplying a reactive term, nu j. 

Srhydrocarbon polyol (i) s provided by a linear or branched hydrocarbon contam.ng a plurality of 
hydS. endToups and priding a hydrocarbon backbone to the oligomer. The hydrocarbon pernor ns 
„ r^alt 500 9 to Lout 4,S,0 molecular weight, and preferably about 600 

Molecular weiaht in this case is determined by gel permeation chromotography (GPC), using a methylene 
Trde soZt as" Measured ag*nst polystyrene molecular weight standard. By • £j 
a non-aromatic compound containing a majority of methylene groups (-CH 2 -) and which may contain 
IZaZZZ ^o, pendant unsaturation. Fully saturated (i.e., hydrogenated) hydrocarbons are 
)S oreferre ST the long term stability of the cured optical fiber coating increases as the degree of 
unslrln decreases. Suitable hydrocarbon polyols include but are not limited to hydroxyl-term.nated, 
^uTvToSarhXenated ^-polybutadiene polyol; 1,2-po.ybutadiene polyol hydrogenated to an .odme 
nuStoTEmlTS- fully or partially hydrogenated polyisobutylene polyol; polybutene polyol; 
h dregenateS ZZ ££ mixtures thereof, and the like. Preferably, the hydrocarbon polyol is substantially 
™ f,.llv hvdrooenated and thus a preferred polyol is hydrogenated 1,2-polybutadiene. 

^XjES-S component (ii) is non-aromatic. Oligomers based on aromatic polyisocyanates effect 
yeli in *e cured coating- Non-aromatic polyisocyanates of from 4 to 20 carbon atoms may be 
emptoyed Suitable saturated aliphatic polyisocyanates inc.ude but are not limrted * 
dlcyanate dicyc.ohexy.methane-4,4'-diisocyanate; 1 ,4-tetramethy.ene diisocyan je 1,5- 
5 5 diisocyanate; 1,6-hexamethylene diisocyanate; U-heptamelhytene 

diisocvanate- 1 9-nonamethylene diisocyanate; 1,10-decamethylene diisocyanate, 2,2,4-tometnyi i .& pen 
Set diSate; V-dimethyM.S-pentamethy-ene ^^^^^7 
diisocyanate; 3-butoxy-1,6-hexamethylene diisocyanate; omega, omega'-d.propylether dusocyanate, 1,4- 
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ZS2"£ d h iiS0Cya " ate: 1 ' 3 - cyclohex y | diisocyanate; trimethylhexamethylene diisocyanate; and mixtures 
thereof. Isophorone diisocyanate is a preferred aliphatic polyisocyanate 

The reaction rate between the hydroxyl-terminated hydrocarbon and the diisocyanate may be increased 

17, r h I'" 9 am ° Unt ° f 100 t0 200 ppm ' Suitable catal ^ include bu! ?J m tec to 
dibutyl tin dilaurate, d.butyl tin oxide, dibutyl tin di-2-hexoate, stannous oleate, stannous olT tea d 

2?. TT aCet0aCe, ?• ^ amin8S SUCh as trieth * ,amine - ^hylmethylamine, Z££L£ 
d.me hyl- ethylamme. morpholine, N-ethyl morpholine, pipeline, N.N-dimethyl benzylamine Nfrdhmrthri 
laurylamme, and mixtures thereof. A preferred catalyst is dibutyl tin dilaurate ° enZylamlne, N,N d,methyl 

fly a Jnbrt n f CaPPin9 ""T* W " ° ne which is capable ° f "WW* al "«« one reactive terminus An 
exemplary end group conforms to the formula ""minus. «n 




wherein R* is selected from the group consisting of acrylic, methacrylic, vinylic, allylic styrenic acrvlamide 
orbornenyl, acetylenic, epoxy, mercapto, amino, itaconic and clonic; R* and *\£££^ 
electa from the group consisting of hydrogen, methyl, ethyl or propyi; m is an integer from it 10 and p 



™ST * C °T * WhiCh may be US8d ,0r the tapping monomer include but are not limited to 
acrylates, methacrylates. vinyl ethers, vinyl sulfides, allyls, bicyclic enes, mercaptans acetvlenL eooSes 
amines, styrenes. acryiamides. and so forth. Suitable hydroxy.-terminated corn l XC 
as the endcappmg monomer include but are not limited to hydroxyethyl acrylate- Zroxvethvl 

Vrr*f aCry ' ate; hydro ^ ro Py -ethacrylate; hydnSybuS. 2£- £S 
methacry ate; ally! ether; hydroxyethyl vinyl ether; hydroxypropyl vinyl ether; hydroxybu tyl 

hydr0XyPr ° Pyl merCaPtan; ^0^ 
In an acrylate based system, a preferred endcapping monomer is hydroxyethyl acrylate or hvdroxvethvl 
met achate. In a thiolene or in a cationic cure system, a preferred end-capping monomer i iSSSu 
v.nyl ether or, in the thiolene system, hydroxypropyl mercaptan. nyoroxybutyl 

I^riir? ° f P ? y01, diisoc y anate and ^capping monomer is preferably approximately VI Z 
A preferred oligomer is based on the formula ' * 



"0 XOCNHR 2 NHCOR 1 OCNHR 2 NHCOQ 

J! ii II II 

o 0 0 0 



45 where 



50 



R is a Imear or branched hydrocarbon polymer of from 500 to 4,000 (preferably 600 to 4 000> 
molecular weight selected from the group consisting of fully or partially hydrogenaS MiS2-2 
1 2-polybutadiene ydrogenated to an iodine number of from 9 to 21; ully or ^S^SS 
poly.sobutylene; polybutene; and hydrogenated dimers; Y nyarogenated 

R 2 is a linear, branched or cyclic alkylene of from six to twenty carbon atoms; and 

X and Q are independently either 
(a) a radical of the formula: 



55 
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wherein R 5 , m and p have the same meaning as above, or 

(b) a saturated alkyl radical of from nine to twenty carbon atoms, with the proviso that the above 
oligomer must possess at least one reactive terminal (end) group. 

An especially preferred monomer is one in which R 5 is acrylic or methacrylic; this oligomer is disclosed 
in U.S. Patent 4,786,586 to Lee et al., which patent is herein incorporated by reference. 

The above-described oligomer is particularly suitable because its saturated hydrocarbon backbone 
gives the oligomer suitable hydrophobicity and thermal, oxidative and hydrolytic stability. The glass 
transition temperature of the oligomer is approximately -20 -C and may be lowered by blending with 
additives, discussed infra . 

The primary coating containing this oligomer has a water absorption value of less than 5% by weight, 

and preferably less than 2.5%. 

Another particularly preferred oligomer is the vinyl ether analog or mercapto analog of the above 
oligomer, i.e., where R 5 is either vinylic or thiol, respectively. This oligomer also confers excellent thermal, 
oxidative and hydrolytic stability and hydrophobicity to a cured coating which includes it. 

B. The Hydrocarbon Monomer 

The second essential component of the composition of the primary coating composition is a hydrocar- 
bon monomer which is terminated with at least one end group capable of reacting with the reactive terminus 
of (A). The hydrocarbon portion (moiety) of the monomer has between 6 and 20 carbon atoms, and 
preferably between 8 and 18. This monomer (B) may be either straight chained, branched or cyclic. This 
component comprises from about 10 percent to about 90 percent by weight of the composition, based upon 
the total weight of the (A), (B) and (C) ingredients of the composition. Preferably, it comprises from about 15 
percent to about 85 percent, and more preferably from about 20 percent to about 80 percent by weight of 
the composition, based upon the total weight of the components (A), (B), and (C). 

This second component is one having one or more end groups capable of reacting with the reactive 
terminus of (A). Thus, for example, in an acrylate system, the component might be acrylate-or methacrylate- 
terminated; in a thiolene system, vinyl ether-or mercaptan-terminated; and in a cationic cure system, vinyl 
ether-terminated. 

The monomer is selected to be one that is compatible with the very hydrophobic oligomer discussed 
above. It is also chosen to be one which is soft-curing and which has a low Tg, thus lowering the Tg of the 
composition including it. Suitable examples of such monomers include but are not limited to acrylates and 
methacrylates such as hexyl acrylate; hexyl methacrylate; 2-ethylhexyl acrylate; 2-ethylhexyl methacrylate; 
isooctyl acrylate; isooctyl methacrylate; octyl acrylate; octyl methacrylate; decyl acrylate; decyl 
methacrylate; isodecyl acrylate; isodecyl methacrylate; lauryl acrylate; lauryi methacrylate; tridecyl acrylate; 
tridecyl methacrylate; palmitic acrylate; palmitic methacrylate; stearyl acrylate; stearyl methacrylate; C u to 
C15 hydrocarbon diol diacrylates; C u to C15 hydrocarbon diol dimethacrylates; primary (k to Ci 8 
hydrocarbon-based dithiols such as 1,10-decane dithiol; secondary or tertiary dithiols (which are less 
reactive than the primary thiols); Ck to Cib thiolated esters such as mercaptoacetate esters or mercap- 
topropionate esters (which are desirably reactive but which may lack in long-term hydrolytic stability); Ca to 
Cis hydrocarbon diol divinyl ethers such as hexanediol divinylether; lauryl vinyl ether; ethylhexyl vinyl ether; 
isodecyl vinyl ether; butanediol divinyl ether; cyclohexanedimethanol divinyl ether; mixtures of Cu and C15 
diol divinyl ethers; and mixtures of the above. 

Preferred alkyl acrylate monomers include stearyl acrylate, lauryl acrylate and isodecyl acrylate. A 
particularly preferred one is lauryl acrylate. Preferred other hydrocarbon monomers include the Oo dithiol, 
1,10-decane dithiol, and the divinyl ether, hexanediol divinyl ether. 

The monomer should be used in a quantity sufficient to adjust the total primary coating composition to 
a viscosity in the range of about 2,000 cps (centipoises) to 10,000 cps, measured by a Brookfield 
viscometer, model LVT, spindle speed of 6 rpm, spindle number 34, at 25 



9 



EP 0 565 798 A1 



C. The Phototnitiator 



A third, optional, ingredient of the primary coating composition is a photoinitiator (C). In free radical 
systems, the photoinitiator is only required when ultraviolet radiation-cure is envisioned; in other embodi- 
ments, such as, for example, if electron beam cure of a free radical system is to be effected, the 
photoinitiator may be omitted. In cationically cured systems, however, a photoinitiator is required even when 
electron beam cure is to be effected. 

The photoinitiator, when used in a small but effective amount to promote radiation cure, must provide 
reasonable cure speed without causing premature gelation of the composition. Further, it must not interfere 
with the optical clarity of the cured optical coating. Still further, the photoinitiator must itself be thermally 
stable, non-yellowing and efficient. The type of photoinitiator which is used will be dependent on whether a 
free radical-type system or a cationic cure type-system is used. 

Suitable free radical-type photoinitiators include but are not limited to the following: hydroxycyclohexyl- 
phenyl ketone; hydroxymethylphenylpropanone; dimethoxyphenylacetophenone; 2-methyl-1-[4-(methyl thio)- 
phenyl] -2-morpholinopropanone-1 ; 1-(4-isopropylphenyl)-2-hydroxy-2-methylpropan-1-one; 1-(4-dodecyl- 
phenyl)-2-hydroxy-2-methylpropan-1-one; 4-(2-hydroxyethyoxy)phenyl-2(2-hydroxy-2-propyl)- 
ketone;diethoxyphenyl acetophenone; and mixtures of these. 

Suitable cationic cure-type photoinitiators include but are not limited to onium salts such as iodonium, 
sulfonium, arsonium, azonium, bromonium or selenonium, which are preferably chemically modified to 
render them more hydrophobic, e.g., by incorporating saturated hydrocarbon moieties such as alkyl or 
alkoxy substituents of from about 4 to about 18 carbon atoms. Particularly preferred cationic cure initiators 
include but are not limited to (4-octyloxyphenyl) phenyl iodonium hexafluoro antimonate; (4-octyloxyphenyl) 
diphenyl sulfonium hexafluoro antimonate; (4-decyloxyphenyl) phenyl iodonium hexafluoro antimonate; and 
(4-octadecyloxyphenyl) phenyl iodonium hexafluoro antimonate. 

The photoinitiator, when used, preferably comprises from about 0.05 percent to about 10.0 percent by 
weight of the composition, based upon the total composition of the (A) through (C) ingredients. Preferably, 
the amount of photoinitiator is from about 0.2 percent to about 8.0 percent, and more preferably about 0.3 
percent to about 7.0 percent by weight, based upon total weight of (A) (B) and (C) ingredients. Generally, 
cationic cured embodiments require lower amounts of photoinitiator than do free radical embodiments. 

A particularly preferred free radical-type photoinitiator is hydroxycyclohexylphenyl ketone, and a 
particularly preferred cationic cure-type initiator is (4-octyloxyphenyl) phenyl iodonium hexafluoro an- 
timonate. The photoinitiator should be chosen such that a cure speed, as measured in a dose versus 
modulus curve, of less than 1.0 J/cm 2 , and preferably less than 0.5 J/cm 2 , is required, when the 
photoinitiator is used in the designated amount. 

D. The Optional Crosslinking Agent 

Another optional ingredient is a crosslinking agent (D), which may be used in thiolene-type systems. 
This agent is typically a polyene or a polythiol which is capable of helping to coreact a multifunctional 
system. An example of a suitable crosslinking agent is trimethylolethane trivinyl ether. When used, the 
crosslinking agent comprises from about 1 percent to about 50 percent by weight, and preferably from 
about 5 percent to about 30 percent by weight of the composition, based on the total weight of the (A) (B) 
and (C) components. 



E. The Optional Stabilizer 



To improve shelf life (storage stability) of the uncured coating, as well as to increase thermal and 
oxidative stability of the cured coating, one or more stabilizers may optionally be included in the 
composition. Examples of suitable stabilizers include but are not limited to tertiary amines such as 
diethylethanolamine, diethyl hydroxyl amine, and trihexylamine; hindered amines; organic phosphites; 
hindered phenols; mixtures thereof; and the like. Some particular examples of antioxidants which can be 
used include but are not limited to octadecyl-3-(3\5'-di-tert-butyl-4'- hydroxyphenyl) propionate; 
thiodiethylene bis (3,5-di-tert-butyl-4-hydroxy) hydrocinnamate; butylated paracresol-dicyclopentadiene 
copolymer; and tetrakis [methylene (3,5-di-tert-butyl-4-hydroxyhydrocinnamate)] methane. Additionally, cer- 
tain silanes may be used in very small quantities, e.g., as low as about 0.0001 percent to about' 0.01 
percent by weight, as stabilizers. One example of a suitable silane stabilizer is 3-aminopropyltrimethoxy 
silane. 
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When a stabilizer is used, it may be incorporated in an amount from about 0.0001 percent to about 3X) 
percent by weight, based on the weight of the (A) through (C) ingredients. Preferably, it is included in the 
range from about 0.25 percent to about 2.0 percent by weight, and more preferably in the range from about 
0 5 percent to about 1.5 percent by weight, based on the total weight of the (A) through (C) ingredients^ 
s Desirable properties of a stabilizer include (1) non-migration (probably enhanced by low polanty and high 
molecular weight) and (2) basicity (to allow it to help in neutralizing residual acid which might premature y 
initiate polymerization). Preferred stabilizers are octadecyl-3-(3 1 .5'-di-tert-butyl-4'-hydroxyphenyl) propionate 

and trihexylamine. 
,o F. T he Optional Adhesion Promoter 

Another optional ingredient is an adhesion promoter (F). Adhesion becomes a particularly pertinent 
problem in high humidity and high temperature environments, where delamination is more of a risk 
Accordingly, in low humidity, low temperature situations (i.e., below about 50% relative humidity and about 

, 5 25 -C), the adhesion promoter is not required, although it may be required under conditions of h.gher 
humidity and higher temperature. 

It is known in the art to use either acid-functional materials or organofunctional silanes to promote 
adhesion of resins to glass. While acid-functional materials are operative in some embodiments, organo- 
functional silanes are preferred. Acid-functional materials are less preferred because of their possible 

20 corrosivity towards the materials; their reactivity with certain systems (e.g„ amin-enes); and the, tendency 
to lose their adhesion properties on exposure to moisture. Silanes tend to be much more surtab e in terms 
of these factors and, therefore, are the adhesion promoters of choice. Additionally, it is useful to have an 
adhesion promoter having a functionality which binds in with the system during cure, to maximize its 
adhesion promotion as well as to minimize the quantities of unbound volatiles. It is necessary to select a 

25 silane which does not react adversely with the chemistry of the system (e.g., am.no-functional silanes in 

cationically cured systems). . „ 

Various suitable organofunctional silanes include but are not limited to am.no-funct.ona silanes, 
acrylamido-functional silanes; mercapto-functional silanes; allyl-functional silanes; vinyl-functional silanes; 
methacrylate-functional silanes; and acrylate-functional silanes. The adhesion promoters preferably are 

30 methoxy-or ethoxy-substituted as well. 

Preferred organofunctional silanes include but are not limited to mercaptoalkyl tnalkoxy sHane. 
methacryloxyalkyl trialkoxy silane, aminoalkyl trialkoxy silane, vinyl trialkoxy silane, mixtures thereof, and the 
like 

The silane is, of course, chosen to be reactive with the rest of the system. Methacrylated silanes are 
35 desirable, when they are chosen to bind in well with the cured system, but tend to slow the cure speed of 
the svstem The mercapto-functional adhesion promoters also chemically bind in during cure in many 
systems, but do not appreciably slow down the cure speed of the system. However, when mercapto- 
functional adhesion promoters are used in thiolene systems, it is necessary to ad )U st the 
the polyene component accordingly. Allyl-functional and vinyl-functional silanes are also desirable when 
40 they are chosen to bind in well with the system used. 

Some preferred organofunctional silanes that enhance adhesion in humid conditions include 3- 
aminopropyl triethoxy silane, 3-methacryloxy-propyltrimethoxy silane, gamma-mercaptopropyl tnmethoxy 
silane, gamma-mercaptopropyl (gamma-mercaptopropyl) triethoxy silane, beta-(3,4-epoxycyclohexyl) ethyl 
trimethoxy silane, gamma-glycidoxypropyl tnmethoxy silane, 3-vinylthiopropyl trimethoxy silane vinyl-fris- 
45 (beta-methoxyethoxy) silane, vinyl triacetoxy silane, and mixtures thereof. A particularly preferred adhesion 
promoter is gamma-mercaptopropyl trimethoxy silane. 

The silane component, when used, should be incorporated into the composition in a small but effective 
amount to enhance the adhesion of the composition to the surface of an inorganic substrate which in this 
embodiment, is glass, and in other embodiments, is glass, enamel, marble, granite or the like. The silane 
so component, when used, comprises from about 0.1 percent to about 3.0 percent by weight of the 
composition, based on total weight of the ingredients (A), (B) and (C). Preferably, the silane composes from 
about 0.2 percent to about 2.0 percent, and more preferably from about 0.3 percent to about 1.0 percent, 
based on the total weight of the oligomer, hydrocarbon monomer, and photoinrtiator. 

55 G. The Optional Monomer or Oligomer Containing An Aromatic Moiety 

A further optional ingredient is a monomer or oligomer (G) which is capable of adjusting the refractive 
index of the composition. In some instances, adjustment is not necessary inasmuch as the the makeup of 
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SSSTiff ■*? 0th9r COm P° nente confers a " adequately high refractive index to the 

compos ton The refractive index of the formulation, in any case, should ideally be about 1.48 or higher 
The optonal monomer or oligomer, when used, contains at least (1) an aromatic moiety. (2) a moiety 

rZ2LI TT te ; minUS ' <3) 3 hydr0Carbon moie,y - This «W4 when should be used 2 
. an amount effective for .ts stated purpose not in excess of about 60 percent by weight and genera v 

T«£ZZT 5 p : rcent t0 about 60 percent by wei ^ i-*-*. LSLwSSi 

th h 7 7° m ° re Preferably from about 15 P ercent to about 3° P^cent by weigh of 
the composition, based upon total weight of the ingredients (A) (B) and (C) 

, Th„ 1 I , rnl 0 , n0mer 0 t r ° M f T * US6d 10 inCfeaSe ,he re,ractive index ,or the masons specified above 
) The aromatic moiety of the monomer or oligomer (B) is itself capable of raising the refractive index' 
owever the hydrocarbon moiety is required to increase the compatibility of this ZoZTlTtoe 
hydrocarton-based oligomer (A). The moiety containing the reactive termLs renders T comlnd 

: curS sysTem ^ UP ° n UltraVi ° let CUrin9 ' thuS minimizin9 the v0,atiles « °' 'he 

Samples of aromatic monomers or oligomers additionally containing hydrocarbon character and a 
reactive group mclude but are not limited to polyalkylene glycol nJUn^j£?£?Z 

ESSi* . n h ° ny P i enylether 3Cry,ate ° r P^P^'ene glycol nonylphenylether acrylate polyat 
kylene glycol nonylphenylether methacrylates such as polyethylene glycol nonylphenylether methacMate 
or polypropylene glycol nonylphenylether methacryiate; and mixtures of ^ SSlSSZ 
containing termini other than acrylate or methacrylate are a.so suitable, so long as the iSlrtiS 
ingredient is coreactive with the rest of the system. wrminus ot tnis 

In each case, the phenyl group serves to increase the refractive index of the coating and the nonvl 
omponent renders the composition somewhat more hydrophobic and, therefore, compare with 7 

£tw:l^" Ve * °' COmP ° Siti0n inC,udin « this -nome^r o,igo!er i 
k composifon comprising only (A), (B) and (C). A suitable primary coating composition 
should, again, have a refractive index of greater than or equal to about 1 .48 compos.tion 
The refractive index of the primary coating must be higher than that of the cladding of the fiber If the 
fibers coated wrth the coating composition of the present invention are down-doped, i.e. contain dolts 

z ft z ?h B t active : n H dex of the fiber ilse,, • re,ractive index ° f « he co *9 * s;:; 

SUH ™ 50 efrant Si9na ' S Wi " b6 refraC,ed away even withou « *° incorporation of Z 
common. 6 ' SU emb0dimentS ' the m ~ 0f ^er (G) * not essential to 2 

H. Optional Chain Transfer Age nts 

com^ r i 0th h er K 0Pti0nal C °T nentS may US6d in the primar y coati "9 the (A) through (G) 

components which are required or optional and which are described above. For example optional chin 
transfer agents (H) may be used to control the modulus and glass transition tempore of h^coatingl 
acrylate or methacrylate systems. One way known in the art to control the moleci weiaht and 
consequently, the modulus and glass transition temperature of a polymerization pmd c to use ne or 

r^r;:^^ addition * a chain * a z« 

tempT2reLting ' " * 3 ^ m ° dU ' US ' ^ 9 ' aSS 

Preferred chain transfer agents which may be used in acrylate or methacrylate systems are mercantn 

Zrtr;h° a ption t a,ly , having a hydrocarbon chain of 31 ,ea * eiaht -*» ■ aJSTcTSS 

mercapto chain transfer agents include methyl thioglycolate; methyl-3-mercaptopropionate- ethyl 
thioglycolate; butyl thioglycolate; butyl-3-mercaptopropionate; isooctyl thioglycolate; iLcty" 3 mercao 
to = nate; isodecy. thioglycolate; isodecyl-3- mercaptopropionate; dodecyl thiog.y c^doZS 
mercapto P rop.onate; octadecyl thioglycolate; and octadecyl-S-mercaptopropionate. ParathSol- 

with the resin and may produce odor problems. H«»>j'»iy 
A particularly preferred chain transfer agent is octadecyl-3-mercaptopropionate (ODMP) 
The chain transfer agent may, if used, comprise from about 0.1 percent to about 10.0 percent by weiaht 
of the composition based upon the total weight of ingredients (A) through (C). Preferably. Kain trZe 
agent comprises rem about 0.25 percent to about 5.0 percent by weight, and still le P rTa^ 
about 0.5 percent to about 4.0 percent by weight, based on the total weight of the (A) (B) and (C) 
components. A suitable chain transfer agent, when incorporated at about a !.0 pecen, ^SjSiS 
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lowers the glass transition tempeature of the composition by about 3-C towers the modulus ; by about 100 
osi and apparently increases the adhesion of the coating to the glass fiber. When greater than about 2.0 
pe cent bTw^ht of the chain transfer agent is incorporated in the composition, the modulus and glass 
Son , temperature of the composition are desirably lowered, but the shelf life is reduced somewhat. 
5 One preferred primary composition for coating an optical fiber, then, comprises he following: 

(A) from about 45 percent to about 65 percent by weight of an aliphatic urethane acrylate oligomer 
having as a backbone an hydrogenated 1 ,2-polybutadiene polymer; 

(B) from about 10 percent to about 20 percent by weight of lauryl acrylate; 

(C) from about 15 percent to about 30 percent by weight of polypropylene glycol nonylphenyl ether 
10 (^from about 0.3 percent to about 1 .0 percent by weight of gamma mercaptopropyl trimethoxy silane 

(E^fromabout ^percent to about 7.0 percent by weight of hydroxycyclohexylphenyl ketone photoinitia- 
, 5 ?) from about 0.5 percent to about 4.0 percent by weight of octadecyl-3-mercaptopropionate, a chain 

SfonStts percent to about 1.5 percent by weight of octadecy. W***^**" 
yphenyl) propionate, wherein all of the stated percentages are pecentages by weight, based upon total 
weight of (A) through (E), inclusive. 
20 Another preferred primary coating, based on a thiolene-type system, comprises the followmg 

(A) from about 30 percent to about 70 percent by weight of an aliphatic vinyl ether-termmated urethane 
oligomer having as a backbone an hydrogenated 1 ,2-polybutadiene polymer; 

(B) from about 5 percent to about 40 percent by weight of 1 ,10-decane dithiol; 

(C) from about 2 percent to about 10 percent by weight of hydroxymethyl phenyl propanone photo.nrt.a- 

25 (D) from about 1 percent to about 20 percent by weight of trimethylol ethane trivinyl ether crosslinking 

XTom^bout 0.001 percent to about 0.1 percent by weight of diethyl hydroxy! amine stabilizer; and 
(F) optionally, from about 0.3 percent to about 1.0 percent by weight of gamma mercaptopropyl- 

30 trimethoxy silane adhesion promoter, 

wherein all of the stated percentages are percentages by weight based upon total weight of (A), (B), 

^e/another preferred primary coating composition is a cationic cure-type system comprising the 

35 w"from about 20 percent to about 80 percent by weight of an aliphatic vinyl ether-terminated urethane 
oligomer having as a backbone an hydrogenated 1,2-poly butadiene polymer; 

(B) from about 5 percent to about 80 percent by weight of a divinyl ether capable of reachon by cahonic 
cure with (A), such as hexanediol divinyl ether; 

(C) from about 0.05 percent to about 5.0 percent by weight of an iodomum canonic cure initiator, such as 
40 (4-octyloxyphenyl) phenyl iodonium hexafluoro antimonate; and 

(D) optionally, from about 0.3 percent to about 1 .0 percent by weight of a mercapto-functional, vinyl- 
functional, (meth) acrylate-functional or epoxy-functional silane, 

wherein all of the percentages are based upon total weight of (A), (B) and (C). 

45 THE SECONDARY COATING 

The most important properties of the secondary optical fiber coating are, again, good thermal oxidative 
and hydrolytic stability after cure; hardness; high tensile modulus; high glass transitior 'temperature; and 
high refractive index. The secondary coating of the present invention was thus formulated to possess these 
so and other qualities. Again, the secondary coating of the present invention compnses 

(I) from about 10 percent to about 90 percent by weight of an aliphatic urethane oligomer based on a 

polyester and/or polyether and containing a reactive terminus; 

(U) from about 20 percent to about 60 percent by weight of a hydrocarbonaceous viscos.ty-ad|ust.ng 
component capable of reacting with the reactive terminus of (I); 
55 (III) optionally, from about 0.05 percent to about 10.0 percent by weight of a Photom.t.ator 

all of the stated percentages by weight being based upon the total weight of (I), (II) and (III). 
The reactive termini of the secondary coating may be any of those disclosed as suitable for the primary 
coating and may or may not, in the case of a two-coat system, be the same termini as .n the primary 
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IZZSZZ l0 " 9 38 "T che ? Stries of the end 9 roups d0 not inte ™* adversely, e.g., amine-ene systems 
coating Sy em$ ' ^ COmp ° Si,ions may a,so be used ' or 

(I.) The Aliphatic Urethane Oligomer With Reactive Terminus 

bJFJT^T " T P ° n ! nt P ° f the SeCOndafy COatinfl com P^ition is an aliphatic urethane oligomer 
based on a polyester and/or polyether and having a reactive terminus 

Commonly used prior art oligomers in UV-curing systems include acrylated polyesters epoxies and 
i uretnanes. Acrylated polyesters are undesirable inasmuch as they are susceptible to hydralyS on htah 
temperature hydrolytic aging. Acrylated epoxies have unacceptable thermal arj LtZe 3y pile* 
and are prone to ye.low.ng. With respect to the acrylated urethanes, both aromatic and aliphatic/socyanato! 
based urethanes are ava.lable. The aromatic urethanes have poor thermal and oxidative stability but The 
aliphatic urethanes do not possess these deficiencies. 

Both^fSi^lh m0S < commerical,y availabl * ethane acrylates is of a polyether or polyester nature. 
Both of these backbones have inherent disadvantages. The polyethers are generally hydrolyticallv stable 

ftJSSirST? 1 HV" Pr0teCt8d ,r ° m hydr ° lySiS bV maXimiZ,n9 *• ,0rmulation Mrophobicity v£ 
HZ t ! 0, 1 hydrophoblc monomers ' ini «ators, additives, and so forth, and/or by selec ion of inherently 

Ksarzir uiation hydrophobicity be improved in - — — — «32 

an^IIST^ P0,y9ther ; based urethanes - " is als ° "pessary to add various thermal stabilizers and 
%T£t 1 !i ° - 8fred aPPr03Ch iS t0 USe W°^c polyester-based urethanes that are 
2211: bydrolysis via selection of other protected constituents so as to maximize overall formula^ 
hydrophobicity This ,s .mportant because the overall physical properties of the coating are dramatical! 
compromised ,f rt absorbs water. Another preferred approach is to use polyether-based urethanesftTa re 
protected agamst oxidative instability by judicious choice of stabilizers. 

Yet another preferred approach is to use urethanes based on a mixture of polyesters and/or polvethers 
Such rrnxnue can be formed either by mixing preformed terminally reactive polyether ul^es S 

ST TT P0 ' yeSter Urethan9S - 0r by ,ormulatin 9 a by ealg b 

^ 30 iS0Cyanate Pr6CUrS0r ,0 f ° rm 3 mixed 0li 9° mar ' and *•» adding 
A suitable base oligomer, then, is an aliphatic urethane oligomer having a polyester and/or a polyether 
backbone. An example of a particularly desirable one is an acrylated aliphatic urethane oligomer (So 
75 percen oligomer solids in a hexanediol diacrylate solvent. A suitable oligomer is Cargill 15 2 ava able 
from Cargill Inc., M.nneapo.is, MN, which comprises 75 percent by weight of an acrylated aliphatic uXne 
o gomer based on a polyester and a polyether in 25 percent by weight hexanediol diacrylate Other su tab e 
ol.gomers are Photomer 6008, an acrylated aliphatic urethane oligomer based on a polyether Tom Henkel 
Corporat.cn Ambler, PA, and AB2010A, also an acrylated aliphatic oligomer ba sed on a polyTer fram 

aTsZLd ,o the 0 '' Lawrenc r 8, NJ - ln 0,her embodiments - other te ™ ini ,han 

as specified for the pnmary coating. 

The oligomer component comprises from about 10 percent to about 90 percent by weight preferably 

oel h PerCen l t0 f ?K 0l,, ^ P8fCent by Wei9ht ' 3nd m ° re Pre,erab,y from ** « PercXo'abo T£ 

nn h?l W n ' 9 t H l! 0 ? r ei9M °' thS 6SSential COmpOSi « 0n ' dry solids basi * «"^ove percentages 
being based on the weight of oligomer only. ^ 

<"•) The Hydrocarbonaceous Viscosity-Adjusting Compo nent 

The second component in the secondary coating is a hydrocarbonaceous viscosity-adjusting compound 
which .s capable of reacting with the terminus of (.). One function of this compound is to aijuZeTsK 
tTJZT 9 - T WhiCh rend6rS 1 6aSy t0 apply 10 bu ^ated fibers. The compound Is one wS 

1 n 1 K,' n "k ? S ° 35 t0 fender 1 hydr ° ph0biC and t0 make * compatibla ^ the rest of the system 
and preferably wh.ch conta.ns a bicyclic structure so that it is shrinks minimally when cured 

to C t ?T°T i " Cl " de but are not ,imited to iaobornyl acrylate; isobornyl methacrylate; Cs 
to C, saturated hydrocarbon d.ol acrylates or methacrylates such as a mixture of C„ and C, 5 dtol 
d^acryla tes or d.methacrylates. hexanediol diacrylate or hexanediol dimethacrylate; isobornyl vinyl et er; £ 
to C 1S saturated hydrocarbon d.ol vinyl ethers such as hexanediol divinyl ether or cyclohexane dimethanol 
d.v,nyl ether; ft to C, s saturated dithiols such as hexanedithiol. decanedithiol. and cyclohexa^e d me So 
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dithiol- Cs to C, 6 saturated hydrocarbon terminal dioxides such as tetradecadiene dioxide; C to C,s 
saturated hydrocarbon terminal diglycidyl ethers such as hexanedio. diglycidyl ether; or mbcture* of »ese. 
so long the mixtures are coreactive but not adversely reactive with the oligomers used ,n the (I) component 
A mixture of isobornyl acrylate and hexanediol diacrylate (the hexanediol diacrylate being provided as the 

5 reactive solvent for the oligomer) is a preferred constituent. n=»inn 

The component (II) comprises from about 20 percent to about 60 percent by we.gh of the .compos ton. 
more preferably from about 25 to about 50 percent, and still more preferably from about 30 to about 40 
percent by weight, based on total weight of the (I), (II) and (III) components, dry sohds bas.s. 

jo III. The Optional Photoinitiator 

As with the primary coating, a photoinitiator (III) is a desirable component of the secondary coating but 
is in the case of free radical systems, required only when ultraviolet cure is to be used. Any of the 
acceptable photoinitiators disclosed as suitable for the primary coating are again suitable; again preferred 
, 5 photoinitiators are hydroxycyclohexylphenyl ketone and (4-octyloxyphenyl) phenyl lodon.um hexafluoro 
antimonate. The photoinitiator is used in an amount that is effective to initiate curing of the composer, .and 
may comprise from about 0.05 percent to about 10 percent by weight, based on the total weight of (M l) 
and (III), preferably from about 0.2 percent to about 8.0 percent by weight and J™*«J 
0.3 percent to about 7.0 percent by weight of the photoinitiator, based on the wetght of the (I). (II) and (III) 

20 ^TenSy'a'Ser level of photoinitiator is acceptable and perhaps desirable in the secondary coating 
relative to the primary coating, though this is not a requirement. In order to maximize the amount of light 
available to cure the primary coating through the secondary coating, it is important not to use ta .much 
photoinitiator in the secondary coating, as in the case where the coatings are applied wet-on-wet and then 

25 simultaneously cured. 

IV. Other Optional Ingredients 

As with the primary coating, various optional additives such as stabilizers may be incorporated 
30 including but not limited to one or more of organic phosphites, hindered phenols hinde ^'^ art C ^ n 
silanes. mixtures thereof, and the like. A particularly preferred stabilizer is thiod.e hylene *P.«HertW 
4-hydroxy) hydrocinnamate. When used, the stabilizer may be present in amounts of from about 01 percen 
to 3 percent by weight, more preferably from about 0.25 percent to about 2 ^^rXj^Z 
more preferably from about 0.5 to about 1.5 percent by weight, based on the total weight of (I) oligomer, (II) 

" for the secondary coating is a surface tension adjust silicone additive, 

which may be used in embodiments where a secondary coating is to be applied atop a cured primary 

costing. ., 
Also, a crosslinking agent may, optionally, be included in the secondary coating as well. 
<o One preferred secondary coating composition for coating an optical fiber, then, comprises the follow.^ 

(I) from about 40 percent to about 80 percent by weight of an acrylated aliphatic urethane oligomer 
based on a polyester and/or polyether; and 

(II) from about 25 percent to about 50 percent by weigh of a mixture of isobornyl acrylate and hexanediol 

45 JlS^aboJt 2.0 percent to about 7.0 percent by weight of hydroxycyclohexylphenyl ketone photoin- 

"^wherein all of the stated percentages are by weight, based upon total weight of (I), (II) and (III). 
More preferably, this composition also includes from about 0.5 percent to about 1.5 pe. cen by weight 
based on the weight of the composition, of a stabilizer such as thiodiethylene b.s (35- **tW»+ 
so hydroxy) hydrocinnamate. Also, in one embodiment, a crosslinking agent of the type and ,n the , amount 
disclosed for the primary coating may be used. In other preferred embodiments, a surface tension ad.usting 
So may be included as well, and the oligomer component (I) may be a mixture of aliphatic urethane 

acrvlate oliaomers based on polyether backbones. 
Talogous systems, i.e.. systems having the same functional backbones but different reactive groups. 
55 aaain may include but are not limited to other free radical type systems such as thiolene sytems; amine- 
ene systems; acetylenic systems and internally-reactive systems; and cationic cured systems such as 
onium salt-induced vinyl ether systems and epoxy-terminated systems. As with the primary coating any 
reactive end group chemistry which, when cured, produces a coating which is sufficiently hydrophobic and 
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wTfoe ^S^'; 0 ^ ^ hydr0 ' ytiC Stability - SyS,em wnicn does "ot adversely interact 
Time TT* °' th6 r mary COat,n 9- inc,udin ° "^brid" systems as well as "single chemistry" -type 
systems, may be used in the secondary coating. yM 

c . . T Ilf 1' 5% '^ SNe m0du ' US ° f 11,9 secondar y coating should be at least about 40,000 psi and preferably 
5 at east about 100,000 psi, measured at 25'C. The relatively high modulus of the seTda^ SfflSSi 

o the primary results in desirable properties, such as cut-through resistance and microbeLn HSZ? 

and in the formation of slick fibers, allowing for easy spooling and unspooling ^.stance, 

rn a ».!!o a M Preferredemb0 * ment ' the SeC ° ndafy COatinfl °' ,ne invention may be used overtop a primary 
10 a T Ver ' another l emb ° diment . °P«oal fibers may be coated directly with the secondary coaZ 

Ze n iSSSSTi 'Tk- C r diti ° nS Wh6re 3 SeCOndary M * atone "ay include 
Tmount ol bl tn 5 h '° 6XtremeS h te mperature, *> ^9^ humidity, or to an excessive 

cTwTwLTL 9 "if US8S 7 H nC,Ud ! '° n9 h3Ul apP ' iCati0nS Sucn as transocaanic or transcontinental 
caDies wherein the fibers are enclosed in cabling material. 

15 PREPARATION OF A COATED OPTICAL FIBER 

aDDMnVZ™«2 0 n,? , T h to 3 Pr ° CeSS f ° r Prepari " 9 3 COated 0p,ical fiber - The P^ss comprises (i) 
applying to an optical glass fiber a primary coating layer comprising 

(A) from about 1 0 percent to about 90 percent by weight, based upon total weight of (A). (B) and (C) of a 
20 ^actively terminated urethane oligomer which is the reaction product of (i) a hyd oca bon poS ft! 
hydrocarbon portion of which has a molecular weight of from about 500 to about 4.000 (and pil 

an aliphatic polyisocyanate: and 3n ~ ~ ~2 

„ Tl T a K 0Ut 1 ° Per ° ent t0 ab0Ut 90 percent by weiflnt ' based "P°n total weight of (A). (B) and (C) of 

iJZ r ; m ° n0mer ^ 6 10 20 Carb ° n at ° mS i,S ** ^ and which is teVminaS 2 a 
least one end group capable of reacting with the reactive terminus of (A)' 

s ssa sl5S£? ^ to about 100 percem by wei9h,; ^ up ° n «- ^ * <*>• 

(ii) applying atop said primary coating layer a secondary coating layer comprising 

from about 10 percent to about 90 percent by weight, based upon the total weight of (I) (II) and 

ure,hane 0,i90mer based on a ""W and/or polyether and 

SmT "E 0 ? 20 K erCent l ° 3b0Ut 60 Percent by wei9ht ' based u P°n the total weight of (I), (II) and 
Sminus'offfl naCe ° US ViSC0Sity - adjuStin9 com P° nent ca Pable of reacting with the reactive 

(III) optionally, from about 0.05 percent to about 10.0 percent by weight, based upon the total 
weight of (I). (II) and (III), of a photoinitiator; and, preferably 

l n (, i ra «,ilT Urin9 K ^, !,^ S3id Prim3ry "* SeCOndary COa,in 9 la y ers - 0-9., by ultraviolet irradiation, 
in an alternate embodiment, the process comprises applying only the secondary coatinn m ««, 
<o invention to the optical fiber and radiation-curing the secondary citing ^ 9 

Drefe T r^ P 2hl and H 0r TT^ ^ 3PP ' ied and cu r«d"byTny method known in the art. A 

* ? \ Laboratories. The coating or coatings may then be cured in situ, preferably by 
ultraviolet .rrad.at.on. to obtain a cured polymeric coating. Alternatively, the primary cSatinTmay be aLed 
« and cured, after which the secondary coating may be applied and cured. * PP 

COATED OPTICAL FIBERS OF THE INVENTION 

. th« L^lr nti0n fUrt !l er rel3teS to ° PtiCal ,ibefS ' and especial| y 10 9 |ass optical fibers, that are coated with 

2*Ti2 SeC °. ^ C ° a,n9 ° f th9 inVemi ° n a ' 0ne - ° r ^ with both the P ri mary and seconZ 
coatings. These coatings may be prepared from reactively terminated materials that are radiation -curabte 
and are radiahon-cured in situ subsequent to application on glass fiber 

, ra J h6 C .° afin9 surroundina the ,iber forms a cured polymeric material preferably having a glass 

5 eZEe; emPe ™ ° f 00 m ° re ^ 3b0Ut ' 2 °* C md m ° re Pre,erab,y io/abo u ; -30.C or 

hiah T lTnr ed m ^ COndary C °K n9 S ! K)U,d h3Ve 3 rel3,ive,y hj 9 h To - generally approximately 50 -C, and a 
h.gh tensile modulus, ,.e.. above 40,000 psi and preferably about 100.000 psi. It is desirable for the 
secondary coating to have a Tg higher than its highest use temperature. This is becau e at c 111 fte T 9 
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of the polymer, the physical properties change dramatically with small changes in temperature. 

When cured, the two coatings of the invention confer extraordinary thermal, hydrolytic and oxidative 
stability to the fiber and relieve stress thereon. Optical fibers having applied thereto both the primary and 
secondary coatings of the invention are highly moisture resistant and otherwise protected from environmen- 

5 tal damage. , 

The coating compositions of the present invention have been disclosed hereinabove for use as optical 
fiber coatings. However, it is to be understood that these coatings may be used in any embodiment wherein 
stable, moisture resistant coatings are desired, especially for coating the surface of an optically useful 
article. For example, the coatings may be used for such diverse end uses as coating sheet glass (i.e., in the 

io preparation of safety glass) to coating vinyl materials (e.g., in preparing no-wax floors). Other optically useful 
articles which may be prepared include, but are not limited to, photoswitches, photorelay devices, 
microelectronic devices, photocoupling devices, and so forth. 

EXAMPLES 

15 The following Examples serve to further illustrate the invention. In these Examples and elsewhere 
throughout this application, all parts and percentages are by weight, on a dry solids basis, and all 
temperatures are in degrees centigrade unless expressly stated to be otherwise. In all of the examples, cure 
speeds were measured with an International Light IL 745-A radiometer with model A309 light bug. Unlike 

20 elsewhere in the application, where percentage by weight referred to the total weight of either the (A) 
through (C) ingredients for the primary coating, or the I through III ingredients for the secondary coating, 
respectively, parts by weight in the Examples refers to the total composition described in that Example, 
including all components. The optional ingredients are identified by an asterisk 0 in the Examples. The 
other components are essential for use, if the exemplified coating is to meet the rigorous requirements for a 

25 commercially acceptable coating for optical glass fiber. It should be noted that, although the photoin.tiator is 
identified as optional in the specification, it is, in fact, required in any system cured by ultraviolet irradiation, 
and therefore is not denoted as optional in such Examples. It should also be noted that, unless otherwise 
indicated, throughout the Examples and the remainder of this application, "modulus' 1 refers to 2.5% tensile 
modulus, measured using an Instron tensile tester. 
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Example I 

Primary Coating for Optical Fibers 

An ultraviolet-curable, primary coating composition was made up as follows: 



40 
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50 



55 



Ingredient 


Parts by Weight 1 


aliphatic urethane acrylate oligomer with saturated hydrocarbon backbone (A) 
lauryl acrylate (B) 

hydroxycyclohexylphenyl ketone photoinitiator (C) 
octyldecyl-3-(3\5*-di-tert-butyl-4'-hydroxy) hydrocinnamate stabilizer (E)* 
octadecyl-3-mercaptopropionate chain transfer agent (H)* 
gamma-mercaptopropyl trimethoxy silane adhesion promoter (F)* 
polypropylene glycol nonylphenylether acrylate (G)* 


55.00 
14.50 
6.00 
1.50 
2.75 
0.75 
19.50 



The viscosity of the uncured coating was 4005 cps (at 25 ' C using a Brookfield viscometer, model LVT, 
6 rpm, #34 spindle). 

A six mil coating of this composition was applied to a flat glass sheet using a Bird applicator and cured 
in air at 0.7 J/cm 2 using a 200 watts per inch medium pressure mercury vapor lamp. 

The cured primary coating which resulted had a glass transition temperature of about -39.6 ■ C, and a 
cured film refractive index of 1.492. The effect of temperature on 2.5% tensile modulus was as follows: 
25-C: 153.0 psi; 0'C: 167.8 psi; -20-C: 864.7 psi; -40'C: 49,807 psi; -60'C: 199,018 psi. The cure speed, 
as determined by a modulus versus dose curve, was determined to be about 0.3 J/cm 2 . 

Water absorption of the sample was measured as follows. The cured film was equilibrated at 50% 
(±5%) relative humidity and 23 -C (±2-Q for 48 hours. The sample was weighed and a weight "A" 
recorded. The sample was then soaked for 24 hours at 25 'C in distilled water, then patted dry and 
weighed. This weight was recorded as "B". The sample was next placed in a vacuum oven under 10mm Hg 
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pressure at 25 «C for 24 hours, removed, and again equilibrated at 50% (±5%) relative humidity at 23 'C 
(±2-C) for 48 hours and weighed. This third weight was recorded as "C. Percent water absorption 
measured as 



B-C x 100% 
A 



10 



15 



20 



was about 1.48%. 

Other samples of this 6 mil thick coating were tested as follows to determine the effect of accelerated 
aging on various properties. The samples were equilibrated at 50% (±5%) relative humidity and 23 -C 
(±2 • C) for 48 hours and then placed on clips and hung in an environmental chamber under the followinq 
accelerated aging conditions: 

(1) 1 25 *C for 7 days; 

(2) 93.3 °C for 10 days; 

(3) 93.3 • C for 30 days; 

(4) 93.3 *C, 95% relative humidity, for 10 days; and 

(5) 93.3 0 C, 95% relative humidity, for 30 days. 

After the designated time period, the samples were removed and again equilibrated for 48 hours The 
following properties were recorded. These data indicate excellent stability against thermal and hydrolytic 
stress. 



25 





125 'C, 7 
days 


93.3 • C, 
10 days 


93.3 *C, 
30 days 


93.3*0, 95% 

relative 
humidity, 10 
days 


93.3 'C, 95% 

relative 
humidity, 30 
days 


weight change 
Tg midpoint 

Instron (tensile) modulus change (at 25 *C) 


-7.68% 
-34.6 • C 
+ 33.1% 


-6.71% 
-34.6 • C 
+ 39.4% 


-6.98% 
-36.6 • C 
+ 37.9% 


-0.71% 
-35.5 • C 
+ 27.9% 


-1 .62% 
-36.6 • C 
+ 19.5% 
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Example II 

Another Primary Coating for Optical Fib er 

An ultraviolet radiation-curable primary coating was made up as follows: 



45 



50 



55 



Ingredient 


Parts by Weight 


aliphatic urethane acrylate oligomer with saturated hydrocarbon backbone (A) 
isodecyl acrylate (B) 

hydroxymethylphenyl-propanone photoinitiator (C) 
thiodiethylene bis (3,5-di-tert-butyl-4-hydroxy) hydrocinnamate stabilizer (E)* 
gamma mercaptopropyl trimethoxy silane adhesion promoter (F)* 
polyethylene glycol nonylphenyl ether acrylate (G)* 


56.00 
11.75 
6.00 
0.50 
0.75 
25.00 



The above formulation used several different ingredients, and somewhat different proportions, than were 
used in Example I. This formulation had a viscosity of 5650 cps at 25 -C using a Brookfield viscometer 
model LVT, 6 rpm, #34 spindle, and a refractive index of 1.4849 at 21.8'C. When coated onto a glass plate 
in the same manner as in Example I and cured in air at 0.7 J/cm* under a medium pressure 200 watts per 
inch mercury vapor lamp, the resultant 6 mil thickness coating had a tensile modulus of 295.8 psi a Tg of 
-28.7 -C, good adhesion to glass and low water absorption (2.02%). The coating performed well in hiph 
humidity and dry accelerated aging tests. 
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Example 111 

A Further Primary Coating for Optical Fiber 
The following primary coating was formulated: 



10 



15 



Parts by Weight 
56.00 

11.75 
6.00 
0.50 

0.75 

25.00 



20 



25 



30 



Ingredient 

aliphatic urethane acrylate oligomer with saturated 
hydrocarbon backbone (A) 
octyl/decyl acrylate (B) 

hydroxymethylphenyl-propanone photoinitiator (C) 
thiodiethyiene bis (3', 5'-ai-tert-butyl-4-hydroxy) 
hydrocinnamate stabilizer (E)* 
gamma-mercaptopropyl trimethoxy silane adhesion 

promoter (F)* 

polyethylene glycol nonylphenylether acrylate (lower 
MW polyethylene glycol than that of E xample II) (G)* 

This formulation demonstrated the use of alternate (B) and (C) materials. This formulation had a 
viscosity of 3890 cps at 25'C using a Brookfield viscometer, model LVT, spindle #34, 6 rpm. When appl.ed 
toTJL plate as in Example I and cured in air at 0.7 J/cm* under 200 watt per inch med.um pressure 
mercury vapor lamp, it had a tensile modulus of 276.0 psi, good adhesion to glass, and low water 
absorption (1 .89%). 

Example IV 

Another Primary Coating for Optical Fibers 

The following primary coating was formulated: 



35 



40 



Ingredient 


Parts by Weight 


aliphatic urethane acrylate oligomer with saturated hydrocarbon backbone (A) 
isodecyl acrylate (B) 

hydroxymethylphenyl-propanone photoinitiator (C) 

thiodiethyiene bis (3\ 5'-di-tert-butyl-4'-hydroxy) hydrocinnamate stabilizer (E)* 
gamma-mercaptopropyl trimethoxy silane adhesion promoter (FT 
polyethylene glycol nonylphenylether acrylate (same MW as in Example III) (G)* 
isooctyl-3-mercaptopropionate chain transfer agent (H)* 


64.00 
20.50 
6.00 
0.50 
0.35 
8.00 
0.65 



45 



This formulation demonstrated me use oi umwom H iu H y»«M* — — . 

chain transfer agent, and the use of a low concentration of the component (G) to adjust the refractive «tac 
The formulation had a viscosity of 5950 cps at 25 «C using a Brookfield viscometer, model LVT, 6 rpm. #34 
spindle and a refractive index of 1.4796 at 21.5'C. When applied to a glass sheet as a 6 m,l coating as ,n 
Example I and cured in air at 0.7 J/cm* under a medium pressure 200 watts per inch mecury vapor lamp, .t 
had a tensile modulus of 280 psi, a Tg of -31.2'C. good adhesion to glass, and low water absorption 
(1.41%). 
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Example V 

A Slower Curing Primary Coating for Optical Fibe rs 

A radiation curable primary coating was formulated as follows: 



10 



15 



Ingredient — " " 


Parts by Weight 


aliphatic urethane acrylate oligomer with saturated hydrocarbon backbone (A) 
lauryl acrylate (B) ' 

hydroxycyclohexylphenyl ketone photoinitiator (C) 
octodecyl-3-mercaptopropionate chain transfer agent (H)* 
octadecyl-3(3\ 5'-di-tert-butyl-4'-hydroxy phenyl) propionate stabilizer (Ef 
gamma-methacryloxypropyl trimethoxysilane adhesion promoter (F)' 
polypropylene glycol nonylphenylether acrylate (G)* 


54.00 
14.00 
6.00 
4.00 
1.50 
1.00 
19.50 



20 



25 



6 rpTmSZe) ^ Un ° Ured COa1in9 ^ 3750 CPS (3t 25 '° USinQ 3 Br00Wield viscometer - mo^l LVT, 
„„^ W K en h C ! ate( !. 0n 3 9l3SS ShCet 31 6 mils and cured 35 in P revious Exam Ples. the coating adhered well 

rLir^r ons bu i cured much s,ower than the ° f ^ 

can be prepared that have much more rapid rates of cure, by substituting acrylated silanes for the 
methacrylated silane used in this Example. 

rnn^LTfJT** T" 8 ^ M 3 9 ' 3SS Mhn <* about -39.4 'C, a tensile 

TJJlT ^ 3 CUred f " m fe,raCtiVe ind6X ° f 1492 - The cure s P eed w as determined to be 0.5 
wit h f SOrPt, ° n W3S 1,40% ' ^ bei " 9 determined accordin ° 10 »» methods of Example I. 
th„ «Z h ? 96 ' 9 L 3 " ti0n temperature a "d 'nstron (tensile) modulus change were measured under 

4 rwaTobsred 38 ' ^ r6C0rded 10 be 35 f0 " 0WS ' A9ain ' eXCe " ent hydr0, ^ c and the ™' 
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weight change 
Tg midpoint 
Instron tensile modulus change (at 25 • C) 



125 
7 days 



-7.94% 
■35.9 • C 
+ 33.8% 



93.3 •C, 
10 days 



-6.84% 
-36.1 'C 
+ 36.1% 



93.3 0 C, 
30 days 



-7.19% 
-35.5 *C 
+ 36.0% 



93.3 * C, 95% 

relative 
humidity, 10 
days 



-1 .97% 
-35.7 • C 
+ 20.1% 



93.3 0 C, 95% 

relative 
humidity, 30 
days 



-1 .58% 
-36.4 • C 
+ 10.9% 
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Example VI 

A Primary Coating Based On A Thiolene System 
The following primary coating was formulated: 
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55 



Ingredient 


Parts by Weight 


aliphatic urethane oligomer with saturated hydrocarbon 
backbone end-capped with hydroxybutyl vinyl ether (A) 
1,10-decane dithiol (B) 

hydroxymethylphenyl propanone photoinitiator (C) 
trimethylolethane trivinyl ether crosslinking agent (D)* 
diethyl hydroxyl amine stabilizer (E)* 


66.23 

19.21 
6.11 
8.43 
0.02 



6 rpm #34Se° f ** M9 ^ CPS * 25 * C ' USin9 3 Br ° 0ldie,d viscomet *. model LVT, 
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70 



75 



A six mil coating of the above was applied to glass using a Bird applicator and was cured in air at 0.7 
J/cm 2 using a medium pressure 200 watts per inch mercury vapor lamp. 

Water absorption was determined in the manner described in Example I to be 2.2% for the coating. 

Other samples were subjected to the methods described in Example I to determine the effect of 
accelerated aging on various properties, including glass transition temperature; tensile modulus; rupture 
strength; and percent elongation to break, under the following accelerated aging conditions: 

(1) 125'Cfor7days; 

(2) 93.3 °C, 95% relative humidity (RH) for 10 days; and 

(3) 93.3 'C, 95% relative humidity (RH) for 30 days. 
The results are recorded below: 



20 





Initial 


1 25 'C, 7 days 


93.3 *C 95% 
RH, 10 days 


93.3 • C 95% 
RH, 30 days 


Tg Midpoint 

2.5% (tensile) Modulus (psi) 

Instron (tensile) modulus, % change (at 25° C) 

Weight change, % 

% elongation at break 

rupture strength (psi) 


-29.7 • C 
292.5 

65.4 
118.6 


-29.0 'C 

281.3 

-3.8 

-4.46 

69.2 

117.1 


-31.4*C 

286.1 

-2.2 

-2.19 

69.4 

122.2 


-31.4°C 

302.2 
3.3 
-1.81 
65.4 

119.3 



These data show excellent stability against thermal and hydrolytic stress for the above composition. 
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Example Vll 

A Coating Based on a Cationically Cured Vinyl Ether-Terminated System 

The following system demonstrates a composition analogous to the acrylate terminated system of 
Example I, but terminated with different end groups, cured via a different mechanism, and lacking 
components now known to be optional. 

The formulation was made up as follows: 



45 



50 



Ingredient 


Parts by Weight 


aliphatic urethane oligomer with saturated hydrocarbon 
backbone end-capped with hydroxybutyl vinyl ether (A) 
hexanediol divinyl ether (B) 
(4-octyloxyphenyl) phenyl iodonium hexafluoro 
antimonate cationic photoinitiator (C) 


70.00 

29.00 
1.00 



A six mil coating of the above composition was applied to glass using a Bird applicator and was cured 
in air in 10 passes, each using a medium pressure 200 watts per inch mercury vapor ultraviolet lamp at a 

UV dose of 0.7 J/cm 2 . A 
The resulting cured films were subjected to the water absorption determination method of Example I. A 

value of 1 .99% was determined. 

Other samples were subjected to the methods detailed in Example I to determine the effects of 
accelerated aging on thermal, oxidative and hydrolytic stability as measured by tensile modulus; rupture 
strength; and percent elongation at break under the following accelerated aging conditions: 

(1 ) 93.3 °C for 10 days; 

(2) 93.3 °C, 95% relative humidity (RH) for 10 days; 

(3) 93.3 0 C for 30 days; and 

(4) 93.3 °C, 95% relative humidity (RH) for 30 days. 
The results are recorded below: 
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15 
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2.5% tensile Modulus, 85 *C (psl) 
Instron tensile Modulus, % change (at 85 -C) 
Weight change, % 
% elongation at break 
Rupture stength (psi) 
Rupture strength, % change 



Initial 



1554 



26.0 
1095 



93.3 • C, 
10 days 

1574 
1.3 
-2.93 
25.8 

1077 
■1.6 



93.3*C95%RH, 
10 days 

1329 
-14.5 
-0.36 
33.7 
906 
-17.3 



93.3 'C, 
30 days 

1317 
-15.3 
-3.79 
38.1 
1046 
-4.5 



93.3%, 95% 
RH, 30 days 

1215 
-21.8 
0.98 
33.4 
852 
-22.2 



50 



Condons. ^ $h0W ^ ^ abS ° rPti0n 9 °° d performance under accelerated aging 

Example VIII 

A Secondary Coating for Optical Fiber s 

A radiation-curable, secondary coating composition was made up as follows: 
Ingredient 

Parts 
by 
Weight 

82.00 

13.00 
4.00 
1.00 



AJiphatic urethane acrylate oligomer with polyester/polyether backbone, in 25% (based on weight 
of oligomer and solvent only) hexanediol diacrylate solvent (solvent only is optional) (I) 
Isobornyl acrylate (II) w 

hydroxycyclohexylphenyl ketone photoinitiator (III) 
thiodiethylene bis Q.S-di-tert-butyM'-hydroxy) hydrocinnamate stabilizer* 



A six mil coating of the above composition was applied to a glass plate using a Bird applicator The 

T T,? m ^ at „° 7 USin9 3 m6diUm pr6SSUre 200 watts P er inch vapor lamp". The 

resulting film of the secondary coating exhibited a tensile modulus of about 103,700 psi, a water absorption 

va ue of about 1.68%, and a cured film refractive index of about 1.506. The cure speed/as dZTed f by a 

modulus versus dose curve, was determined to be about 0.3 J/cm*. The UV transmission of the uncured 

ZTrZl" f e , t0 ^ ab ° Ut 73% by C3lCU,atin9 the rati0 of the ,j 9 ht trans " of a 1 mm quartz 
shde containing a 1 mil coating of the uncured composition to that of the slide without the coating on it 

~™ anQe and i nStr ° n tenSHe m ° dulUS Change (here measured at M-C) was measured under the 
s^ EXamP ' e ' ^ r8COrded t0 be " f0 ' l0WS - A9aln ' excel,ent ^-lytic and therma, 







125 9 C, 
7 days 


93.3 • C 
10 days 


93.3 • C 
30 days 


93.3 °C, 95% 
relative 


93.3 °C, 95% 
relative 


45 










humidity, 10 
days 


humidity, 30 
days 




weight change 

Instron tensile modulus change (at 85 0 C) 


-4.60% 
+ 17.2% 


-3.91% 
+ 18.3% 


-4.30% 
+ 34.3% 


-0.85% 
+ 4.3% 


-1.10% 
-23.9% 
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Example IX 

Another Secondary Coating for Optical Fib ers 

*nn A J 6C °; da 7 f at ; ng identical t0 that of ^P'e VIII, except for containing 14.00% isobornyl acrylate 
and no optional stabihzer, was formulated. The coating, when applied to glass and cured as above, had 
good tensile properties, cure speed, water absorption, UV transmission and stability, but yellowed on dry 
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Example X 

A Coating Having a High Tg and High Crosslink Density 
A coating composition was formulated as follows: 



10 



75 



20 



25 



30 



35 



Ingredient 


Parts by Weight 


aliphatic urethane acrylate oligomer with polyester backbone 
(I) (used as a mixture containing 12% hexanediol acrylate) 
dipentaerythritol monohydroxy pentaacrylate 
a mixture of linear Cn and C15 diol diacrylates (II) 
isobornyl acrylate (II) 

hydroxycyclohexylphenyl ketone photoinitiator (III) 


60.00 

15.00 
10.00 
11.00 
4.00 



The aliphatic urethane acrylate oligomer (I) is believed to have imparted good properties. Formulations 
such as the above perform well on thermal, oxidative, and hydrolytic aging tests, with almost no yellowing 
characteristics. The oligomer (I), as available commercially, cures to a lower modulus than the oligomer 

used in Example VII in solution. 

The mixture of Cu and Cis diol diacrylates was used as a viscosity adjuster in conjunction with the 

isobornyl acrylate. . 

The above formulation was applied to glass as a 6 mil coating using the coating technique of Example I, 
and UV-cured It had a high Tg and high crosslink density as compared to the coating of Example VII. 

A similar formulation was prepared, but incorporating about 0.5 parts by weight of a 50:50 mixtures of 
bis (2 4-di-t-butylphenyl) pentaerythritoi phosphite and thiodiethylene bis (3,5-di-t-butyl-4-hydroxy) hydrocin- 
namate as a stabilizer package. On evaluation, hydrolytic stability deteriorated, probably because of the use 
of the phosphite. This is undesirable for optical fiber coatings, but is not a problem for many other coating 
applications. When the hindered phenol is used as above as the stabilizer at the 1% level, hydrolytic 
stability is again acceptable for optical fiber coating use. 

[Example XI 

A Further Secondary Coating Formulation 

The following coating composition was prepared: 



40 



45 



Ingredient 


Parts by Weight 


aliphatic urethane acrylate oligomer with polyester backbone (I) 
dipentaerythritol monohydroxy pentaacrylate 
isobornyl acrylate (II) 

a mixture of linear Cu and C15 diol diacrylates (II) 
hydroxycyclohexylphenyl ketone photoinitiator (III) 
thiodiethylene bis (3,5-di-tert-butyl-4-hydroxy) hydrocinnamate stabilizer* 


59.50 
14.50 
11.00 
10.00 
4.00 
1.00 



50 



This coating composition exhibited a slightly slower curing rate than the formulation of Example VII, 
based on cure speed versus modulus data. This data may have given a false impression because of the 
high Tg and high crosslink density of this coating. However, the hydrolytic aging properties of this coating, 
while good, were not quite as good as those of the Example VIII coating. Its viscosity and room temperature 
moduli were similar to those of the Example VIII formulation. Its properties overall are such that it is an 
acceptable secondary coating for glass optical fibers. 
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Example XII 



A Secondary Coating Formulation Containing Polyether-based Urethane Acrylate Oligomers 
The following coating composition was prepared: 



Ingredient 


Parts by Weight 


First aliphatic urethane acrylate oligomer with polyether backbone 
having an acryalte functionality of 2.6 (1) 

Second aliphatic urethane acrylate oligomer with polyether backbone 
having a lower acrylate functionality than above (2.4) (1) 
Hexanediol diacrylate (II) 
Isobornyl acrylate (II) 

Hydroxycyclohexylphenyl ketone photoinitiator (III) 

Thiodiethylene bis (3,5-di-tert-butyl-4-hydroxy) hydrocinnamate 
stabilizer * 

Surface tension adjustment additive * 


34.00 

34.00 

13.98 
13.00 
4.00 
1.00 

0.02 



This coating composition, before cure, had the following temperature/viscosity profile, measured using a 
Brookfield viscometer, model LVT, 6 rpm, #34 spindle: 5430 cps at 25 -C; 4310 cps at 28 'O 3440 cps at 
30 - C; 2310 cps at 35 -C; and 1520 cps at 40 -C. The liquid composition had a refractive index of 1.4856 at 
24.6 • C and a density of 8.89 lb/gal (1 .07g/cc). 

A 6 mil coating of the composition was cast and cured as in previous Examples. The cured film of this 
Example had a rupture strength of 3812 psi; elongation at break of 26.7%; TGA volatiles content of 4 78%- 
oxidative induction temperature of 210-C; and cured film refractive index of 1.5060 at 246'C Its cure 
speed was determined to be 0.4 J/cm*. The 2.5% tensile modulus of the coating was 90,528 psi at 25 -C 
and 4070 psi at 85- C. A water absorption value of 1.59% was measured in the manner described in 
Example I, after a 24 hour soak. 

Other samples of this coating were tested under the following accelerated aging conditions- 

(1) 1 25° C for 7 days; 

(2) 93.3 'C for 10 days; 

(3) 93.3 0 C for 10 days at 95% RH; 

(4) 93.3 • C for 30 days; and 

(5) 93.3 • C for 30 days at 95% RH . 

The following properties were observed for the cured coating described in this Example: 



weight change 
2.5% mod. at 25 «C (psi) 
2.5% tensile modulus change (%) at 25 *C 
2.5% mod. at 85* C (psi) 
2.5% modulus change (%) at 85 0 C 
rupture strength (psi) 
percent elongation at break 



125°C7days 



-4.42 
124,633 
36.1 
4208 
3.0 
4868 
30.7 



93.3 *C, 
10 days 

4.22 
122,136 
33.4 
4343 
6.3 
4362 
25.8 



93.3 • C 
10 days 
95% RH 

■0.88 
88,281 
-3.6 
3705 
-9.3 
3981 
30.0 



93.3 -C, 
30 days 

-4.26 
122,522 
33.8 
4408 
7.9 
4535 
30.3 



93.3 -C, 30 
days 95% RH 

-2.42 
97,850 
6.9 
3466 
-15.2 
3823 
21.8 
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Example XIII 

Another Secondary Coating Formulation Containing Two Polyether-based Urethane Acrylate Oligomers 
The following coating composition was prepared: 



70 



75 



20 



25 



30 



35 



40 



Ingredient 


Parts by Weight 


Fist aliphatic urethane acrylate oligomer with polyether 


3400 


backbone having an acrylate functionality of 2.6 


34.00 


Second aliphatic urethane acrylate oligomer with polyether 


backbone having an acrylate functionality of 2.4 (I) 


13.99 
13.00 
4.00 
1.00 


Hexanediol diacrylate (II) 


Isobornyl acrylate (II) 


Hydroxycyclohexylphenyl ketone photoinitiator (III) 


Thiodiethylene bis (3,5-di-tert-butyl-4- hydroxy) 


hydrocinnamate stabilizer * 


0.01 


Surface tension adjustment additive * 



45 



50 
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The uncured coating of this Example had a refractive index of 1 .4856 at 24.2 • C and a viscosity of 5320 
CDS at 25 0 C 

A 6 mil coating was cast and cured as in previous Examples to produce a cured film having a oxidative 
induction temperature of 194- C and a cure ratio (ratio of 2.5% moduli at 25 -C when cured in air at 0.2 
J/cm 2 and at 0.7 J/cm 2 , respectively) of 100.9%. 

The coating, which is very similar to that of the previous Example, is expected to perform equally well 

on long term aging. 
CONCLUSION 

Optical glass fibers coated with the primary and secondary coatings of the present invention have been 
designed to possess several important qualities rendering the coated fibers useful for many applications and 
particularly suitable in local area networks for fiber-to-the-home uses. 

It has now been discovered that virtually any chemistry which is capable of reacting together certain 
specific functional backbones and which does not adversely effect the properties of the composition when 
cured may be used to formulate a composition possessing these qualities. 

The primary coatings, when cured, possess a refractive index greater than that of the underlying fiber 
(ie about 1.48), a tensile modulus of less than about 500 psi and a glass transition temperature of less 
than about -20 -C. and preferably less than about -30 -C. The primary coatings are sufficiently hydrophobic 
to resist moisture penetration and consequent hydrolysis of the underlying optical fibers; have a sufficiently 
low tensile modulus to cushion and protect the fibers; and a sufficiently low glass transition temperature in 

the use range of the fibers. 

The secondary coatings after cure function as a hard, protective layer having a glass transition 
temperature of about 50 'C and a tensile modulus of over 40,000 psi, preferably about 100,000 psi. 
Furthermore, the secondary coatings are resistant to moisture and have an appropriate coefficient of fr.ct.on 
tor their desired use. The secondary coatings have a coefficient of friction allowing the coated f.bers to slide 
easily along each other while staying aligned on a spool. 

Both the primary and secondary coatings have suitable viscosities for coating and, when cured, contain 
minimal quantities of unbound reactants (volatiles) and have good shelf life characteristics. 

The present invention permits the production of coating formulations meeting these criteria, and the 
manufacture of coated optical fibers well suited for use in fiber-to-the-home applications, though there are 
many uses for coatings that are prepared in accordance with the invention, that do not have to meet the 
stringent requirements imposed on optical fiber coatings. 

It has now been discovered that an optimized composition can be formulated having the above 
properties by using the backbones of the components described herein and in the parent application, but 
that any end groups capable of reacting, via free radical initiation, cationic cure or other method, may be 
employed. It was also discovered that, in connection with the present invention, a coating formulated in the 
absence of a silane adhesion promoter and a refractive index modifier, and. in some cases, a photoimtiator, 
all believed in the parent application to be essential in all embodiments, could in some instances be 
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satisfactory. 

Thus, useful coatings for many purposes may be formulated, an exemplary preferred primary coatino 
comprising: ° 

(A) a reactively terminated urethane oligomer which is the reaction product of (i) a hydrocarbon polyol 
the hydrocarbon portion of which is from about 500 to about 4,000 molecular weight; (ii) an aliphatic 
polyisocyanate; and (iii) an endcapping monomer capable of supplying a reactive terminus; 

(B) a low Tg, soft curing, hydrocarbon monomer comprising a terminus reactive with (A)- and 

(C) a photoinitiator, which is required unless a system other than a non ultraviolet-cured free radical 
system is used, 

with one or more of the following optional components: 

(D) a crosslinking agent capable of helping to coreact multifunctional systems- 

(EM stabilizer or antioxidant that imparts added shelf life and storage stability to the coating composi- 

(F) an organofunctional silane adhesion promoter capable of preventing domination under conditions of 
high humidity and high temperature; 

(G) a chain transfer agent comprising a hydrocarbon chain having at least eight carbons in its 
hydrocarbon chain; and 

(H) a component capable of increasing the refractive index of the composition 

The combination of (B) and (C) with (A) has the effect of producing a coating of mutually compatible 
ingredients, that is radiation-curable. 

In preferred embodiments, the (A) component may be acrylate, thiol or vinyl ether terminated 

In another preferred embodiment, the (B) component comprises from about 10 percent to about 90 
percent by weight (based on the total weight of (A) and (B)) of the coating and is a hydrocarbon monomer 
containing between 6 and 18 carbon atoms, and the glass transition temperature of the cured coating 
containing it is preferably -20 -C or less. In yet another preferred embodiment. (B) may be a reactively 
terminated compound such as lauryl acrylate, decane dithiol or hexanediol divinyl ether 

The composition may be, in one embodiment, used as a primary coating for an optical fiber, the coating 
having a cured tensile modulus of less than 500 psi (at room temperature, based on a 6 mil thick film) 

A useful exemplary coating for use as a secondary coating for an optical fiber comprises a reactively 
terminated aliphatic urethane oligomer based on a polyester and/or polyether; a hydrocarbonaceous 
viscosity-adjusting component reactive with that oligomer; and an optional photoinitiator 

In other embodiments, compositions of this kind can be formulated to be useful as interlayers for 
laminated safety glass, and as coatings for electronic devices such as photocells and photoswitches, for 

example. 

While the invention has been disclosed in this patent application by reference to the details of preferred 
embodiments of the invention, it is to be understood that this disclosure is intended in an illustrative rather 
than in a limiting sense, as it is contemplated that modifications will readily occur to those skilled in the art 
within the spirit of the invention and the scope of the appended claims. 

Claims 

1. A radiation-curable coating for the surface of an optically useful article comprising 

(A) from 10% to 90% by weight of a reactively terminated urethane oligomer which is the reaction 
product of (i) a hydrocarbon polyol, the hydrocarbon portion of which is from 500 to 4,000 molecular 
weight; (n) an aliphatic polyisocyanate; and (iii) an endcapping monomer capable of supplying a 
reactive terminus; * 

(B) from 10% to 90% by weight of a hydrocarbon monomer containing from 6 to 20 carbon atoms 
which is terminated with at least one end group capable of reacting with the reactive terminus of (A)- 
and x " 

(C) optionally, from 0.05% to 10.0% by weight of photoinitiator, 

wherein all of the stated percentages are percentages by weight based on the total weight of (A) (B) 
and (C). " x ' 

2. A radiation-curable coating according to claim 1, wherein said oligomer (A) is characterised by the 
formula 
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XOCNHR 2 NHCOR 1 OCNHR 2 NHCOQ 

6 ooo 



wh6f6 

R 1 is a linear or branched hydrocarbon polymer of from 500 to 4,000 molecular weight selected from 
the group consisting of fully or partially hydrogenated 1 ,2-polybutadiene; 1 ,2-polybutadiene hydroge- 
nated to an iodine number of from 9 to 21 ; fully or partially hydrogenated polyisobutylene; polybutene 
polyol; and hydrogenated dimer diol; 

R 2 is a linear, branched or cyclic alkylene of from six to twenty carbon atoms; and 
X and Q are independently either 
(a) a radical of the formula: 




wherein R 5 is selected from the group consisting of acrylic, methacrylic, vinylic, allylic, itaconic, 
crotonic, styrenic, acrylamide, norbornenyl, acetylenic, epoxy, mercapto and amino; R 3 and R 4 are 
independently hydrogen, methyl, ethyl or propyl; m is an integer from 1 to 10; and p is either zero or 
one, or 

(b) a saturated alkyl radical of from nine to twenty carbon atoms, with the proviso that said oligomer 
must possess at least one reactive terminal group. 

3. A radiation-curable coating according to claim 1 or claim 2, wherein said monomer (B) is selected from 
the group consisting of hexyl acrylate; hexyl methacrylate; 2-ethylhexyl acrylate; 2-ethylhexyl 
methacrylate; octyl acrylate; octyl methacrylate; isooctyl acrylate; isooctyl methacrylate; decyl acrylate; 
decyl methacrylate; isodecyl acrylate; isodecyl methacrylate; lauryl acrylate; lauryl methacrylate; stearyl 
acrylate; stearyl methacrylate; C14-C15 hydrocarbon diol diacrylates; Gi-Gs hydrocarbon diol 
dimethacrylates; tridecyl acrylate; tridecyl methacrylate; palmitic acrylate; palmitic methacrylate; 1,10- 
decane dithiol; hexanediol divinyl ether; mercaptoacetate esters; mercaptopropionate esters; lauryl vinyl 
ether; ethylhexylvinyl ether; isodecyl vinyl ether; butanediol divinyl ether; cyclohexanedimethanol divinyl 
ether; G*-Gs diol divinyl ethers; and mixtures thereof. 

4. A radiation-curable coating according to any one of claims 1 to 3, additionally comprising from 1.0% to 
50.0% by weight, based on total weight of (A), (B) and (C), of a crosslinking agent (D). 

5. A radiation-curable coating according to claim 4, wherein said crosslinking agent (D) is trimethylol 
ethane trivinyl ether. 

6. A radiation-curable coating according to any one of claims 1 to 5, additionally comprising from 
0.0001% to 3.0% by weight, based on total weight of (A), (B), and (C), of a stabiliser (E). 

7. A radiation-curable coating according to claim 6, wherein said stabiliser (E) is selected from the group 
consisting of diethyl hydroxylamine; organic phosphites; hindered phenols; trihexylamine; octadecyl-3- 
(S'.S'-di-tert-butyl-^-hydroxy phenyl) propionate; thiodiethylene bis (3,5-di-tert-butyl-4-hydroxy) 
hydrocinnamate; butylated paracresol-dicyclopentadiene copolymer; tetrakis [methylene (3,5-di-tert- 
butyl-4-hydroxyhydrocinnamate)] methane; 3-aminopropyltrimethoxy silane; and mixtures thereof. 

a A radiation-curable coating according to any one of claims 1 to 7, additionally comprising from 0.1% to 
3.0% by weight, based on total weight of (A), (B) and (C), of an organofunctional silane adhesion 
promoter (F). 
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9. A radiation-curable coating according to any one of claims 1 to 8, wherein said photoinitiator (C) is 
selected from the group consisting of hydroxylemthylphenyl propanone; hydroxycyclohexyJphenyl 
ketone; dimethoxyphenyl acetophenone; 2-methyM, 4-(methyl thio) phenyl-2-morpholino-propane-1 ; 1- 
(4-isopropyl-phenyl)-2-hydroxy-2-methylpropan-1-one; 1-(4-dodecylphenyl)-2-hydroxy-2-methylpropan- 
1-one; 4-(2-hydroxyethoxy)phenyl-2(2-hydroxy-2-propyl) ketone; diethoxyacetophenone; 2,2-di-sec- 
butoxyacetophenone; diethoxyphenyl acetophenone; (4-octyloxyphenyl) phenyl iodonium hexafluoro 
antimonate; (4-octyloxyphenyi) diphenyl sulfonium hexafluoro antimonate; (4-decyloxyphenyl) phenyl 
iodonium hexafluoro antimonate; (4-otadecyfoxyphenyl) phenyl iodonium hexafluoro antimonate; and 
mixtures thereof. 

10. A radiation-curable coating according to any one of claims 1 to 9, additionally comprising from 0.1% to 
10% by weight, based on total weight of (A), (B) and (C), of a mercapto functional chain transfer agent 
(H). 

11. A radiation-curable coating according to any one of claims 1 to 10, additionally comprising from 5% to 
60% by weight, based on total weight of (A), (B) and (C). of a monomer or oligomer (G) which is 
capable of increasing the refractive index relative to that of a composition containing only (A), (B) and 
(C). 

12. A radiation-curable coating according to claim 11, wherein said monomer or oligomer (G) is selected 
from the group consisting of polyalkylene glycol nonylphenyl ether acrylates; polyalkylene glycol 
nonylphenyl ether methacrylates; and mixtures thereof. 

13. A radiation-curable coating according to any one of claims 1 to 12, which is a primary coating for an 
optical fiber. 

14. A radiation-curable coating according to claim 1, which is a primary coating for an optical fiber, 
comprising 

(A) from 30% to 70% by weight of an aliphatic vinyl ether urethane oligomer having as a backbone a 
hydrogenated 1 ,2-polybutadiene polymer; 

(B) from 5% to 40% by weight of 1,10-decane dithiol; 

(C) from 2% to 10% by weight of hydroxymethyl phenyl propanone photoinitiator; 

(D) from 1 % to 20% by weight of trimethylol ethane trivinyl ether crosslinking agent; and 

(E) from 0.001% to 0.1% by weight of diethyl hydroxyl amine stabiliser. 

wherein all of the stated percentages are percentages by weight based upon total weight of (A), (B) and 
(C). 

15. A radiation-curable coating according to claim 1, which is a primary coating for an optical fiber, 
comprising 

(A) from 20% to 80% by weight of an aliphatic vinyl ether-terminated urethane oligomer having as a 
backbone an hydrogenated 1 ,2-polybutadiene polymer; 

(B) from 5% to 80% by weight of hexanediol divinyl ether; and 

(C) from 0.05% to 5.0% by weight of (4-octyloxyphenyl) phenyl iodonium hexafluoro antimonate 
cationic cure initiator, 

wherein all of the stated percentages are percentages by weight based upon total weight of (A), (B) and 
(C). 

16. A coated optical fiber comprising an optical fiber and a primary coating layer according to any one of 
claims 1 to 15. 

17. A coated optical fiber according to claim 16, wherein said primary coating layer was radiation cured 
subsequent to application on said glass fiber. 

18. A coated optical fiber according to claim 16, wherein said coating layer is formed from reactively 
terminated materials that are radiation-curable and that are radiation-cured in situ. 



19. A radiation-curable secondary coating for an optical fiber comprising 
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(I) from 10% to 90% by weight of an aliphatic urethane oligomer based on a polyester and/or 
poly ether and containing a reactive terminus; 

(II) from 20% to 60% by weight of a hydrocarbonaceuos viscosity-adjusting component capable of 
reacting with the reactive terminus of (I); 

5 (III) optionally, from 0.05% to 10.0% by weight of a photoinitiator, 

wherein ail of the stated percentages are percentages by weight based on total weight of (I), (II) and 
(III). 

20. A radiation-curable coating according to claim 19, wherein said component (I) is a mixture of urethane 
70 oligomers, each based on a polyether and each acrylate terminated. 

21. A radiation-curable secondary coating according to claim 20, wherein said compound (II) is a mixture of 
isobornyl acrylate and hexanediol diacrylate. 

75 22. A radiation-curable secondary coating according to any one of claims 19 to 21, additionally comprising 
a stabiliser selected from the group consisting of amines, hindered phenols, organic phosphites and 
mixtures thereof. 

23. A radiation-curable secondary coating according to claim 22, wherein said stabiliser is thiodiethylene 
20 bis(3,5-di-tert-butyl-4-hydroxy) hydrocinnamate. 

24. A radiation-curable secondary coating according to any one of claims 19 to 23, wherein said 
photoinitiator is hydroxycyclohexylphenyl ketone. 

25 25. A radiation-curable secondary coating according to any one of claims 19 to 23, wherein said 
photoinitiator is (4-octyloxyphenyl) phenyl iodonium hexafluoro antimonate. 

26. A radiation-curable secondary coating according to claim 19, comprising 

(I) from 40% to 80% by weight of an acrylated aliphatic urethane oligomer based on a polyester 
30 and/or polyether; and 

(II) from 25% to 50% by weight of a mixture of isobornyl acrylate and hexanediol diacrylate; and 

(III) from 2.0% to 7.0% by weight of hydroxycyclohexylphenyl ketone photoinitiator, 
wherein all of the stated percentages are by weight, based upon total weight of (I), (II) and (III). 

35 27. A radiation-curable secondary coating according to claim 19, comprising 

(I) from 40% to 80% by weight of a mixture of aliphatic urethane acrylate oligomers based on 
polyether backbones; 

(II) from 25% to 50% by weight of a mixture of isobornyl acrylate and hexanediol diacrylate; 

(III) from 2.0% to 7.0% by weight of hydroxycyclohexylphenyl ketone photoinitiator; and 

40 (IV) from 0.5% to 1 .5% percent by weight of thiodiethylene bis (3,5-di-tert-butyl-4-hydroxy) hydrocin- 

namate stabiliser, 

wherein all of the stated percentages are percentages by weight based on total weight of (I), (II) and 
(III). 

45 28. A process for preparing a coated optical fiber comprising 

(i) applying to an optical fiber a primary coating layer comprising a composition according to any 
one of claims 1 to 15; 

(ii) applying atop said primary coating layer a secondary coating layer comprising a composition 
according to any one of claims 19 to 27; and 

50 (iii) radiation-curable in situ said primary and secondary coating layers. 



29. A process according to claim 28, wherein the primary coating layer comprises 

(A) from 45% to 65% by weight of an aliphatic urethane acrylate oligomer having as a backbone an 
hydrogenated 1 ,2-polybutadiene polymer; 
55 (B) from 10% to 20% by weight of lauryl acrylate; 

(C) from 15% to 30% by weight of polypropylene glycol nonylphenyl ether acrylate; 

(D) from 0.3% to 1 .0% by weight of gamma mercaptopropyl trimethoxy silane adhesion promoter; 
and 
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(E) from 2.0% to 7.0% by weight of hydroxycyclohexylphenyl ketone photoinitiator, 
wherein all of the stated percentages are percentages by weight based upon total weight of (A), (B) and 
(C). 

30. A coated optical fiber comprising 
a glass fiber, and 

a continuous coating applied to and surrounding said fiber and formed of a cured oligomeric 
material having a tensile modulus of at least about 40,000 psi and a glass transition temperature of at 
least about 50 'C, wherein said oligomeric material before cure comprised 

an aliphatic urethane oligomer based on a polyester and/or polyether and containing a reactive 
terminus; 

a hydrocarbonaceous viscosity adjusting component capable of reacting with said oligomer; and 
an optical photoinitiator. 
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